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“| that play an important part in 
design and production 







Ley’s ‘Black Heart ’ malleable castings machine more freely than 
steel, have a high tensile strength and a great resistance to shock. 








In peace-time their widest use was in the motor, mining, 
electrical, agricultural, shipbuilding, and general engineering 
industries, where their advantages are well appreciated by 
designers and production engineers—who specify them to-day 
‘|| to save man-hours and speed the war effort. Ny a a 






















The quality of these castings, and our production methods, are the 
subject of continuous improvement by our craftsmen, engineers, 
inspectors, metallurgists and research laboratory staff, whilst our recently 
developed ‘Lepaz’ pearlitic malleables are being used in increasing 
quantities where additional rigidity, strength and wearing properties 
are desired. 





Ley’s ‘ Black Heart’ malleable has a tensile strength of 24 tons 
per sq. in., a yield point of 16 tons and an elongation of 18%. Ng / 
‘Lepaz’ pearlitic malleable provides a metal of 35 tons tensile, |__DIFF. CASE _| 

21 tons yield and 6%, elongation. 





















Our. engineers will gladly collaborate in any problem of design or production. 


L LEY’S MALLEABLE CASTINGS CO. LTD., DERBY 
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PRESSES 


& SHEET METAL WORKING 
MAGHINERY 


They are wanted for work in 


the NATIONAL INTEREST 


ONE OF THE 


G00 


Offer them to... Ekias FE 
-... GEORGE COHEN 2 


SONS & COMPANY LTD 
(Dealer's Certificate No. 44) 
SUNBEAM ROAD - PARK ROYAL -. LONDON’ - N.W.10 
OMNITOOLS. HARLES, LONDON 


Telephone: WILLESDEN 0944 Telegrams 


AND AT: LEEDS BIRMINGHAM SHEFFIELD MANCHESTER SOUTHAMPTON BATH SWANSEA NEWCASTLE Etc. 





Ye LET | ae fonts 


a | 

4 if THE Nothing is good or bad except by 

es a | 3 il DIPPING ©°™Mparison. In the test illustrated, 

|| ae TEST lengths of BRyanised (Electro-Galvan- 

\ ized) Wire, together with lengths of 
rere tem 


i 

\ i 
; | 
| "ave |. Hot-galvanized Wire, are attached to a wheel 
1. making two revolutions an hour. The Wires 
\ me! ! are dipped in and out of a solution of synthetic 
\| cin Sea-water plus }$°%, Hydrochloric Acid to 


V4 





fe ik 


(| bs : accelerate Corrosion. 
When the Coating of Hot-galvanized Wire is 
showing signs of serious Corrosion the condition 
of the BRyanised Wire is still almost perfect. 


This test proves that— 
BRyanising provides the strongest 
possible defence against Corrosion. 


BRITISH ROPES LIMITED 


MANUFACTURERS OF WIRE-WIRE ROPES« HEMP CORDAGE HEAD OFFICE - DONCASTER + Offices & Works Throughout Gt. Britain 
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PUBLIC NOTICES 


oRTH OF SCQTLAND HYDRO- 
ELECTRIC BOARD 


he Post of f Secretary has 

now been FILLED 

cement will be made in due “course. 

8751 
SUDAN RAILWAYS 


TWO DISTRICT ICT LOCOMOTIVE 
SUPERINTEN NDE 








dan Railways Require the 
SERVICES of TWO DISTRICT LOCOMO- 
SUPERINTENDENTS. Candidates must 
ply qualified Locomotive Engineers, i. = 
y and in practice. Must have 
nical Engineering from a University y andlor 
be Corporate Members of the Institution of 
Engineers or of the Institution of Mechanical 
‘seers, must have served an apprenticeship or 
‘of not less than four years on a railway 
th a firm of locomotive builders of repute, 
must have filled a position of responsibility 
eomotive Engineering for not less than one 


j TERMS. 

ber (1) starting rate of pay £E480 per 
» or such higher rate as age and qualifica- 
y, with periodical increases 0! pay - 

ce with Government 
0-600-660-720-780-852-936, all fnereases 
y biennial with the exception "of the _ one, 
is triennial. Selected candidates will be 
on Probationar: 
band subscribe to the vident Fund, after 
if accepted to serve towards pension, their 
transferred to the Pension 


rt-Term Contract for two years, 


Contract on two 


butions will be t 


per annum or such higher rate as age and 
tions just vear ot servi — 
for each co! ice 
1 at the termination’ of of —— . 
£1 Os. aides 
Strict = — 
a Saree ne income a tn Sudan. 
plicants ge write to the MINISTRY O. 
UR AND TIONAL SERVICE, oe 


AND SCIENTIFIC) 

ADVERTISING eae) ALEX- 
PMIOUSE, KINGSWA LONDON, 
the necessary aplication forms. The 
number C.1680A must be an. 


on 
At 








(C. A. M. SMITH) 


(A. G. QUARRELL) 


Southern 


(W. A. TUPLIN) 


(S. LIVINGSTON SMITH) 
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BABCOCK VALVE VALUE 





SITUATIONS OPEN 


N ENGINEERING COMPANY, Engaged in 
the Design and Contract Work in connection 

with Electricity Generating Stations, Industrial 
Plants, &c., REQUIRES the SERVICES of a 
First-Class ELECTRICAL 
35-45, for a Senior Executive Position. * Appli- 
cants should have wide experience in the Theory 
and Design of the High and Low-Tension A. C. 
ea ar works generally encoun: in 





poo 4 iy tt I i et- 
— supplying all types of Auxiliaries through- 
out Large Power Stations and be 


of Switchgear, 

of Protective Systems, Inst: 

will be an advantage. The meg is a@ per- 
manent one with good peacetime prospects and 
ong pee with it a salary of not 1s than £1000 


Pelapplicants are asked to give full details of 
technical education and experience. 
Address, 8750, The Engineer O: 8750 a 


INGINEER, with Sound Practical Experience, 
REQUIRED to Assist in the Preparation of 
ine Manuals. Work of national import- 
Good remuneration and — with 
Prospects —Address full details, 8746, 








A 
ear by Large Metallurgical Works, an 
INDUSTRIAL MECHANICAL or CHEMICAL 
a or with first-class experience of Works 
Management and Handling of Labour. Time and 
Motion Study experience an advantage, but not 
essential. Good general ‘oa technical pees 
Besttion university standard. 30 to 45 
osition t and of important executive 
nature. ‘ork of highest national importance, 
taking bigh priority, and there are f 
spects of eee Commencing salary £700 
to £800 depending on _ qualifications.— 
Address, seal, The Engineer Office. 8691 a 


ALES ENGINEER ASSISTANT WANTED. 

, Controlled (E.W.O.) Firm. Must be good 

T 1 Corr with Engineer Training 

in Stractusal and Fabricated Products.—Write 

full details, COMMERCIAL STRUCTURES, Ltd., 
Staffa Works, Leyton, E.10. 8756 a 


SITUATIONS WANTED 
IGNER and MECHANICAL ENGINEER 

















leading inental firm, design and calcu- 
lation of low ~ yo compressors for 
of gases, including refrigerator plants. 

eneat for high-pressure compressors for syn- 
hetic ammonia and petrol plants, including pipe 
pees. contain, and heat, exchangers f 


‘or chemical 
in . cs. ~ Very 
pom gman especially suitable where modern 

sign and construction of heavy my is 
Gesied. —Adi nen, P6548, The Engineer O: 








INDEX TO ADVERTISEMENTS, PAGE 49 











STATUTORY RULES & ORDERS 
1941 No. 2069 
RICTION ON ENGAGEMENT ORDER 





THE FACT that goods made of raw materials in 
short supply owing to war conditions are advertised 
in this paper should not be taken as an indication 
that they are necessarily available for export. 

















ENGINEERING COMP. Work, in in 
ae Dessous ‘tor 

ion with Electricity Generating Sta’ 
Industrial Plants, REQUIRES the 


of 8 Plants, with asso- 
 Euipment, including a Alaneatine bene sm 
g. Ap id also band ractical 


4 ar faa Commissio: Opera- 
and should be capable of Controlling all 
activities as T 


Reports, Dra’ 
Work et The hosition isa per- 
one good peacet pros 
_ it a salary of not less 





and 
£1500 
licants are asked to give full details of 
echnical education and lence. 

8748, The Engineer 8748 a 





SITUATIONS OPEN 


SITUATIONS OPEN 





N ENGINE Oe trating for "Work ta en 

an mtrac ‘or Wor con- 

nection with Electricity ihe “yo 
UIRES t 

ition. 

ience 

01 a 





tec! experience. 
Address, 8749, The Engineer Office. 8749 a 





rots of 





Excavators, 


of career, statin: 
The Engineer 


age and salary 





| ee ENGINEERS en an oa for the 
Sierra Leone Government Public Works 
peement for one tour of 12 to 24 months in the 
instance. Salary in scale £600 b 


Des: t 

Construction s Bi idges, aad ,uthet 

ex) 

actual € Construction ‘Work and Control of I Labour 

is _essential.—Applicants should write une 
MINISTRY, OF LABOUR 


AND NA’ 
SERVICE, “Central oe ay and Scientific) 
Register, ‘Advertising Section, Alexandra House, 
Kingsway, London, Woe, "for the necessary 
‘orms. reference number E.774A must be 
quoted. 8755 a 











of. womes MANAGER REQUIRED 

of Constructional in 

West - sootland Applicants must have wide 

ex) > pe ye oe es ge 
Satine age mage ms and experience, $0 

STEWART, BREMNER and NICOL, 

Solicitors, 116, SGvest Regent Stat, mt C.2: 
4 





INGINEER, Free een intment, REQUIRES 
EXECUTIVE P ON. Wide experience 
_~ design and production, planning, estimating, 
lass machine _ tools, 


jigs and tools, electrical work.—Address, P6545, 
The Engineer Office. P6545 B 





— Excellent Technical Education 
and qualifications, experience wo 

tool design, lanning, &c., 

|e orate R SITION.—Address, P6546, The 
Engineer O P6546 B 








SITUATIONS WANTED (continued) | 
Page 2 i 
AUCTIONEERS & VALUERS, Page 50 
FOR SALE, Page 50 
EDUCATIONAL, Page 2 
PATENTS, Page 50 
MISCELLANEOUS, Page 2 
FOR HIRE, Page 50 
MACHINERY, &c., WANTED, Page 50 
SUB-CONTRACTING, Page 2 


For Advertisement Rates see 
First Column Overleaf 


CLASSIFIED ADVERTISEMENTS CLOSE FOR 


PRESS-NOON WEDNESDAYS 








THE ENGINEER 


DEC. 31, 1943 








Che Engineer 
Annual Subscription Rates 


(including postal charges) 


BRITISH — 
CANADA... ... 


bee 
come 
td 


™ (except Canada) 


ADVERTISEMENTS 

The Charges for Classified Advertisements are 1/6 
line up to one inch—minimum " 
oan Seen of mene 0b Gomme le ae 








o/ the Paper eve io be addrssed te 
x fee er ees addressed 
to the ‘Editor of Tax ENGINEER. 
ne 
oa 28, Essex Street, Strand, London, W.C.2. 
~~ ‘* Engineer Newspaper, Eztrand, London.”’ 
Tel., Central 6565 (10 lines). 





SITUATIONS WANTED 


ETALLURGICAL ENGINEER, Now Re- 
leased = supply work, is DESIROUS of 
SS who require Technical and 
Sales Salen "iol act as Direct Consultant 
covering non-ferrous metals, high-duty irons, 
heat treatment, furnace manipulation, and most 
spheres of metallurgical work. Post-war 
dovegmanie catered for. Interviews appre- 
ciated, when full particulars can be given.— 
Address, P6535, The Engineer Office. P6535 B 


SITION REQUIRED as CHIEF DESIGNER 

or DEVELOPMENT ENGINEER, production 
machine tools, hy — jigs and tools, 8 
machinery. Free.—Address, P6544, The i- 
neer Office. P6544 B 


IL. ROOM SUPERINTENDENT or FORE- 
MAN. Extremely wide and varied aill- 











“Firsi lass JOP ial man 


small too! 
to output. good 
- education. dress, P6529, pod Bd 
neer 





SUB-CONTRACTING 
WANTED 


ACHINING WORK REQUIRED, Large or 
Small ‘=~ suitable for Cone | Lathes (9in. 

~~ by 8ft.), Slotters, Drills, Shapers, Planers, 
¢.—STRINGERS, Ltd., Wincobank, ‘Sheffield 











LS eye CASTINGS.—One Month from 
now we have VACANT CAPACITY 
for NON-FERROUS CASTINGS of all types and 
sizes, sand and gravity die—HOPE FOUNDRY 
(STOKE), Ltd., Chesterton, sean : 

Mw 





SHEET METAL ACCESSORIES 
TO HIGH STANDARDS 


For the Aircraft and Electrical Trades. Intricate 
Metal Pressing and Wire Forms, General 
Machining, Capstans, Milling, Drilling, Assem- 
blies, &c. 
OXY - ACETYLENE WELDING 
(LIGHT OR HEAVY). 

By A.D. Approved Welder. Press Tools, 
Fixtures, &c. Experimental Work. 
FULLY A.I.D. APPROVED. 
METAL CRAFTS (LONDON) LTD. 
$15, High Street, Sutton, Surrey. 


"Phone : Vigilant 7642/3. 
8514 mw 





in the REMETALLING and 
b dao inl 


ME 

A. PASSMORE ” TYLER: Léd., 1 

—— Junction, London, aw. 11 ‘BATterses 
). 





COLLEGE OF AERONAUTICAL ENGI- 


EDUCATIONAL 


CREATIVE PIONEERS OF 
IQS} TEACHING BY POST 
a" Set ae in 
Among our many Special and Free mony S are 
** Mechan: Shop 
neering - 
nautical Eng .* - ** Electri et 
ooo eering,”|, Marine Engi- 
see: ante Etioaes Se 
Write for any one (or more) of them, or for 
the willing corvioes of our Ad ry Dept. 





We have special terms for men in H.M. Forees. 


199, International Bldgs., Kingsway, a 








35 FIRST PLACES 


and HUNDREDS of PASSES 


in _ the gee Pate A.M.LE.E., 
AF.R.AeS., A.M. em.E., C. o etc., 


ae 
by Seenaai studyi ‘at home 
-1.G.B. First Places 


best guide ts the ost successful 
& Counees. Waite toy for’ “The 
widest choles of Mapinsertna Oo 
ice Oo} 
—cove: al branches hlethac Electrical 
Aeronau by ire Civil, oa é&c., and 
which alone gives I verning 
admission to the Institutions. The 
T.1.G.B. guarantees training until successful. 
The TECHNOLOGICAL INSTITUTE OF GT. BRITAIN 











76, Temple Bar House, E.C.4. 








marketing facilities 
NEW PATENTS and INVENTORS on equitable 


MISCELLANEOUS 


LARGE and Well-Equipped 2 
CONCERN with commercial sales 
CONTACT with 





jis.—Address, 8669, The Engineer Office. 
8669 1 





3d. 
Russell Street, London, W.C.1. 


UTTON ONE-WEEK SHORTHAND is Learnt 
in twelve two-hour postal lessons.—Send 
in stamps for first lesson to E. J., ow 
36 I 





ps. -WAR DEVELOPMENT.—GROUP of 

ENGINEERS WISH to 
ACTURERS 

ment of Post-War Trade. 
Mac! 


Vehicles. —Address, in strictest eR a 8712, 
The Engineer Office. F.J.H.’ 


NTINENTAL INDUSTRIALISTS and 
CONTACT BRITISH 
with a view to Develop- 
Specialists in Industrial 
pecial-Purpose hines, Machine Tools, and 
Reference 

8712 1 








Staffordshire, 
duction, 
management, OPEN to CONSIDER PROPOSALS 
for New Technical Products and Developments. 
Particulars in confidence.—Address, 8611, 
Engineer Office. 8611 1 


OST-WAR PRODUCTION.—Substantial COM- 

PANY, with works in London area and A. 

uipped ~ wide range of p , So, 
commerce: 





SAVE FUEL AND HAVE YOUR ROOM 
EVENLY HEATED BY YOUR OLD 
FIRE-PLACE. 


INVENTOR of New Heating Appara' 
with this effect wants to CONTACT rIRM 
with Manufacturing Facilities. Firm pre- 
ferred with sales organisation to private 
customers. 

Address, P6549, The Engineer Office. 

P6549 1 





For continuation of Small Advertise- 


ments see page 50 








WELDALL & ASSEMBLY Ltd. 


EYRE STREET, SPRINGHILL, 
BIRMINGHAM, I8 














NEERING TEST HOUSE (AI D. Approved). 
Stress Determinations, "Brinell and. Viekers || FABRICATION IN STEEL 
Pars By SE A ver p rompt ae WE RE-DESIGN FROM 
—Inquiries to 75, Filmer Road ; Fai 8.W.6 YOUR CASTING DRAWING 
(PUTney 5422). hee 8747 MW 
SUPERHEATERS 2% it 7v°es ||| POWER-DRIVEN TEST PUMPS 





T. SUGDEN, LTD. 
ST. MARGARETS ROAD, 
ALTRINCHAM, CHESHIRE 
See Advt.— “Engineer ’’—Dec. 3 


THE HOWARD PNEUMATIC ENG. CO. 
Tel. Led. 





we rare up to 10,000 Ibs. 
85 ibs. per sq. in. AIR P sue” 


For Testing Boilers, Pipe Lines, Castings, etc. 


1179. EASTBOURNE. 

















BRETTS PATENT LIFTERC°L"° 


SPECIALISTS IN 
DROP FORGING EQUIPMENT 
AND 
AIRCRAFT PANEL HAMMERS 








AUTOMATIC “ AUT-O-CET” 


ACETYLENE GENERATORS 


THE BRITISH GENERATOR MFG. Co. Led. 
6, HIGH ST., sae iy" lata LONDON, 


PRESSURE 














FOLSSHILL WORKS « COVENTRY 








Spur Reduction 


GEARS 





Gears Nickel Chrome Steel, Hardened and Ground 
on tooth profiles. 
and Roller Bearing Journals, Automatic Oil 


Circulation through bearings. 
Bearings and gears lubricated by same oil supply. 
Oll-tight and dust-tight casing. 
. Maximum efficiency, longest life, highest load carrying 
capacity. 


Ball 





Write for full particulars. 


THE REID GEAR CO., 


LINWOOD, 


near PAISLEY. 









ACCURACY & DURABIL 


are outstanding features of our work. High- 
class engine and boiler fittings are a speciality. 


We shall be pleased to submit quotations 
for your particular requirements. 


ENGINEERS’ MILL & COLLIERY FURNISHERS 
MANUFACTURERS OF ANTI-FRICTION METALS 
All classes of Non-Ferrous Ingots 

INDIA RUBBER & ASBESTOS GOODS 
See OCOmUETAL BRASS AND IRON FOUNDERS 


PEGLER & LOUDEN L 
54-56 Brown Street, GLASGO' 





























GOOD DELIVERIES GUARANTEED 


if you want TIPS and TOOLS to save time and labour then 
you cannot do better than use KENNAMETAL for cutting steel 
in the toughened state, or GALEX for cutting cast iron wd 
certain non-ferrous materials. Send all orders to Dept. K. 






















oe 
} ar 


Sm Hd we2s doo <_ 


ot 







HERS 


4 
1 
¢ 
( 
] 












n 








+ 


Deo. 31, 1943 


THE ENGINEER 


515 








A Seven-Day Journal 


The Sinking of the “ Scharnhorst” 


On Sunday night, December 26th, it was 

made known by the Admiralty that the German 
battleship ‘‘Scharnhorst”’ was brought to 
action by units of the Home Fleet, which were 
covering @ North Russian convoy, under the 
command of Admiral Sir Bruce Fraser, K.C.B., 
K.B.E. The action took place on Sunday 
afternoon, and the ‘‘ Scharnhorst ’’ was sunk 
off the North Cape on Sunday evening. Accord- 
ing to an account made public by the Admiralty 
on Tuesday, December 28th, the ‘ Scharn- 
horst ’’ was trapped between two formations 
of British ships, one, with the convoy, including 
the cruisers ‘* Belfast,” ‘‘ Norfolk,” and “‘ Shef- 
field,’ and the other, further afield, including 
the new battleship ‘‘ Duke of York” and the 
cruiser ‘‘ Jamaica.’”” Whilst endeavouring to 
escape at high speed in the Arctic night the 
enemy ship was attacked with torpedoes by 
our destroyers and so damaged that her speed 
was reduced, permitting the ‘‘ Duke of York ” 
to come up and finish the action. The “ Scharn- 
horst,”” under. the command of Captain Hintze, 
sank with her colours flying towards 7.30 p.m. 
The “Scharnhorst” and her sister ship the 
** Gneisenau ”’ were designed and built as a reply 
to the French battleships ‘“‘ Dunkerque ” and 
‘“ Strasbourg ” and were laid down in 1934 and 
completed in 1939 and 1938. The “ Scharn- 
horst ’’ had a displacement of 26,000 tons, with a 
water line length of 741ft. 6in., a beam of 
98ft. 6in., and a mean draught of 24ft. 8in. Her 
ship’s complement of officers and men was about 
1461. Her armament comprised nine 1 lin. guns, 
twelve 5-9in. guns, along with fourteen 4: lin. 
and sixteen 37mm. anti-aircraft guns. The 
armoured belt amidships had a thickness of 
12in. to 13in., and it tapered to 3in. to 4in. at 
the ends; 12in. armour was employed on the 
turrets and 6in. armour was used on the decks. 
Four aircraft were carried, along with two 
launching catapults. The propelling machinery 
consisted of a three-shaft arrangement . of 
geared turbines taking steam from high- 
pressure water-tube boilers. Oil engines were 
used in combination with the steam turbines at 
cruising speeds. Although designed for a speed 
of 27 knots, the actual full speed was believed 
to be about 29 knots. The “ Scharnhorst ” 
and ‘ Gneisenau’’ took in some naval 
engagements and Atlantic raids. They had to 
take refuge in Brest and were heavily bombed 
by the R.A.F. In February, 1942, the two 
ships steamed through the Channel in misty 
weather and reached Germany. Later the 
“ Scharnhorst *’ joined the “ Tirpitz”’ in Nor- 
wegian ports, while the ‘‘ Gneisenau ”’ is, it is 
believed, still under repair in a Baltic port, 
probably at.Gdynia. Among the larger ships 
of the German Navy there only now remain the 
“ Tirpitz,”’ the heavy cruisers’ “‘ Hipper ’’ and 
“Prinz Eugen,” and the armoured pocket 
battleships ‘* Admiral Scheer ” and “ Lutzow,” 
all‘of which are supposed to be in Norwegian 
or Baltic waters. 


British Railways in Peace and War 


New facts about the railways are revealed in 
the publication ‘‘ British Railways in Peace and 
War,” which will be available to the public 
(price Is.) early in the New Year. During the 
period between 1923 and 1942 the British rail- 
ways spent £450 million on new works and 
reconstructions. Of this sum, £170 million was 
spent on new engines and rolling stock, and 
23,000 miles of track were renewed. During 
wartime engines have travelled 1870 million 
miles to haul trains 1265 million miles. In 1942 
passenger travel totalled 30,000 million miles, 
an increase of 50 per cent. on pre-war, and at 
the same time the mileage run by passenger 
t-- ‘1s decreased by 28 per cent. The miles 

vy loaded goods wagons in 1942 totalled 
million, or 32 per cent. over peacetime. 
.. .8ame number of miles were run in 1938 as 
in 1923, but with 4300 less locomotives} 
between 1923 and 1938, 350 new stations and 


suspended owing to the war. 


concurrently, there was also a lot of equipment 
on the dock estate, much of which fell due for 
renewal prior to the war and which now called 
for early replacement. 
had been called upon to handle frequently 
monthly volumes of cargo greatly in excess of 
what they did in normal times, and this had been 
done under wartime conditions, with all their 
attendant handicaps. It seemed to the Board 
both improvident and unwise to contemplate 
at this time any large extensions or additions 
to the dock area, and the policy was to do 
everything in the Board’s power to improve the 
existing dock system by modernisation. 


interesting particulars with regard to the design 
and equipment of the new. “‘ Heinkel 177” 
bomber, which, after considerable experiment, 
has now appeared as a long-distance sea recon- 
naissance aircraft and long-range bomber. The 
output of these machines would seem to bé 
small, but a few of them have been met with in 
Western Europe. The new aircraft has a wing 
span of 103-5ft., which is about 2ft. more than 
that of our own “ Lancaster’ bomber. 


corners, and the tail unit has a single fin and 
rudder of angular appearance. The present 


was spent on new steamships, and a £40 
million programme for London was com- 
menced. Some further details are given of 
the effects on the railways of 10,000 attacks 
from the air since the beginning of the war, and 
how the trains were got through. Up-to-date 
figures of the staffs employed by the railways 
indicate that 114,000 women are at work out of 
a total of 668,145. Over 110,000 men and 
women are serving in H.M. Forces and in full- 
time civil defence. As to the war effort of rail- 
way steamships and marine staffs, ninety-two 
railway vessels have been chartered by the 
Government for service as hospital carriers, 
transports, assault ships, minelayers and 
sweepers, ammunition carriers, anti-aircraft 
ships, and rescue ships sailing with Atlantic 
convoys. A review of the railways’ air services 
discloses the fact that during the three years 
ended June, 1943, the companies associated 
with the railways have operated over 4,000,000 
aircraft miles, conveyed 163,000 passengers and 
4,000,000 Ib. of urgent mail and goods. The 
review concludes with a consideration of plans 
for the post-war development of electrification 
and other matters. 


Mersey Dock Improvements 


At the annual meeting of the Mersey Docks 
and Harbour Board, which was held in Liverpool 
on Wednesday, December 22nd, Sir Thomas 
Brocklebank, the Chairman of the Board, said 
that considerable progress had been made with 
the three-year reconstruction plan for the 
docks. Meetings between the dock officials and 
the railway companies serving the port had 
been held, and a scheme had been prepared 
which would greatly improve the working of the 
port. It was proposed to construct an entirely 
new deep-water entrance to the Canada dock 
system, which would enable the Board to 
replan the Langton, Brocklebank, and Canada 
docks, so as to provide new sheds and wide 
quay margins with up-to-date cranes and 
equipment. It, was also planned to construct 
two new sheds at North Huskisson No. 1 and 
South Huskisson No. 3, and a new meat berth, 
with the best possible rail and road facilities. 
Additional railway sidings, which had long been 
needed, would also be provided. It was also 
proposed to proceed at the earliest possible 
moment with the completion of the Waterloo 
river entrance, on which work had been 
In addition to 
those new and important works, all of which, 
Sir Thomas said, ought to be proceeded with 


Since 1939 the docks 


The “ Heinkel 177” Bomber 
Tue Air Ministry has recently released certain 


The 
wing is of all-metal construction, with a parallel 
centre section and tapering outer panels. The 
fuselage is of rectangular section with rounded 


version of the bomber has 13 mm. guns, which 


positions, and the bombs are carried internally. « 
A top speed of about 130 m.p.h. is mentioned. 
The undercarriage has two main landing wheels 
on either side, and these are retracted into the 
wings, so that with a raised undercarriage two 
are inboard of the engine nacelles and two out- 
board. The arrangement of engines is particu- 
larly interesting, since double engines are 
employed. Those in the original model were 
DB606 motors, arranged side by side, but the 
present version has two DB610 engines, each 
of which is composed of two DB605 power 
units coupled together. The engines are buried 
in the wings, and each double-engine unit 
drives a four-bladed airscrew. The frontal 
radiators are mounted in the wing and provision 
is made for diving brakes, which are attached 
outboard of the engine nacelles. The output of 
this new type of bomber, which has been under 
development since the early years of the war, 
has, it is believed, been delayed considerably 
owing to the great need of the enemy to con- 
centrate his production on fighters for defensive 


purposes. 
F.B.I. President’s New Year Message 


Sm Grorce Netson, President of the 
Federation of British Industries, in a New Year 
message, says: “If 1943 was the year of 
promise, 1944 may well prove to be the year of 
fulfilment. Industry, glancing back along the 
road, realises what has been accomplished: in 
‘the field of production by good will, co-opera- 
tion, and common pu . Now for the last 
lap of the war! And then ahead of us lie the 
problems and opportunities of building for 
peace, which can be made secure by maintaining 
the spirit of unity that has guided us in war. 
Industry is proud of the men and women who 
have carried on so steadfastly in the workshops 
of Britain. One day it will be possible to tell 
the story more fully. Meanwhile, we shall keep 
at our task of helping to provide the people at 
home with the necessities of life and the gallant 
men of the United Nations with the equipment 
for, victory.” 


The Peacetime Service of Railways 


Art the “‘ coming of age ”’ luncheon of the four 
amalgamated railways, which took place at 
the Dorchester Hotel and was briefly referred 
to in our last issue, messages were received from 
the King and the Prime Minister. Sir Ronald 
Matthews, the chairman of the L.N.E.R. and 
the Railway Companies’ Association, presided 
and proposed the toast of “‘ Lord Leathers, the 
Minister of War Transport.”’ He said that the 
aim of the railways in peacetime was to give the 
finest service to the travelling public and to 
industry ; to provide regular employment at a 
fair level of wages and under the best possible 
conditions ; and to pay a reasonable dividend 
on the capital invested. Such a programme, Sir 
Ronald said, was perfectly possible if steps were 
taken to bring about a proper balance between 
the different forms of transport, particularly in 
their several responsibilities to the public, 
their charging powers, their rates of wages and 
hours of labour. Too much irresponsible and 
often cut-throat competition, such as we experi- 
enced before the war, did no good to the trans- 
port industry as a whole, and, by making it 
impossible to earn sufficient revenue for re- 
equipment, in the end could only result in a 
steadily deteriorating service to the public. On 
the other hand, too much planning, too much 
co-ordination and centralisation, might have 
an equally stultifying effect, and in the long run 
produce a condition of unenterprise, about which 
we had heard so much recently. Those who 
would have the responsibility of directing the 
railways after the war were confident that if the 
British gifts of common sense, practical wisdom, 
and fair play were applied to rail, road, sea, 
water, and air, the transport industry of this 
country, under the stimulating urge of private 
enterprise and competition by service, would 
succeed in forging for the nation an even stronger 








40 new goods depéts were provided ; £7 million 


are fitted in the nose, dorsal, ventral, and tail 





weapon than ever before. 
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Engineers and the British Empire 


By Professor MIDDLETON SMITH, M'Sc., M.I. Mech. E., LL.D. 
No. XXVI—({Continued from page 499, December 24th) 


Tue West INDIES 


HE West Indian islands have not made 

the economic and social progress that 
might have been hoped from a century of 
freedom. Sugar has been “king” even in 
decline, although other crops have been 
fairly successful. It would appear that the 
West Indies, with their army ot unemployed 
labourers, who have neither land nor agri- 
cultural tradition, and many living in abject 
poverty, need extensive public works, such 
as draining and reclamation, not only as 
relief measures, but as necessary improve- 
ments. Some of the small Colonies are very 
poor. Much hope is centred on the Colonial 
Development Fund, which means, of course, 
payment by the British taxpayer. The 
products of the many islands are derived 
almost entirely from vegetation. 

Great Britain governs an area of about 
12,000 square miles, out of an island 
total of 100,000 square miles. The largest of 
our island Colonies is Jamaica: The coast is 
indented with good harbours, of which Port 
Royal, the port of Kingston, is the most 
important. Kingston is a modernised city 
with nearly 900,000 inhabitants. On the 
island, in addition to many plantations, there 
are cigar factories, tanneries, ironfoundries, 
electric light and gasworks, and factories to 
produce cocoa-nut oil, &c. The islands are 
scattered—Jamaica is 1000 miles distant 
from Barbados or Trinidad—the latter 
being interesting because of the pitch lake 
which contains millions of tons of asphalt. 
There are also extensive and valuable oil- 
fields, yielding annually nearly 100 million 
gallons of crude oil, which is conveyed 
through pipes to ships. 

On the mainland are the Crown Colonies 
of British Honduras and British Guiana, the 
latter containing great potential water power, 
timber, and much bauxite. With engineering 
developments—transport, drainage, &c.—it 
could accommodate at least fifty times as 
many inhabitants and yield up much poten- 
tial wealth, but the present small population 
—about 300,000—for a huge area, which 
includes 78,000 square miles of forest, with 
mountains up to and over 8000ft., makes 
transport expensive for probable returns. 


PROGRESS IN- CEYLON 


Prior to the British occupation of the 
island of Ceylon in 1815 there had been no 
adequate means of transport under Dutch 
rulers. The rapid provision of roads and 
bridges in the mountainous tropical areas 
was not an easy or pleasant task for the 
British pioneer engineers, but planters and 
merchants profited by the highways. Then 
came the building of the Ceylon Railway, 
which was described by a prominent native 
as ‘‘ the greatest of the many material advan- 
tages which accrued to the island by reason 
of its contact with the Englishman.” 

In 1831 there were carriage roads connect- 
ing every town of importance. Major 
Skinner built the Colombo and Kandy road 
to a height of 1654ft. The first mail coach 
service in Asia ran over it daily in 1832, 
taking fourteen hours up and twelve down. 
The railway joining the two towns was 
built in 1867. The pioneers had to over- 
come strong opposition, due to prejudice and 
difficulties presented by the natives. In 
1896 there were 297 miles of excellent rail- 





way ; in 1925 the length was 747 miles. In 
1940 the road mileage suitable for motors 
was 5633 ; one climbs up to Nurwara Eliya, 
6240ft. high. 

There are many tunnels and_ bridges, 
embankments, and laborious twists. ‘‘ No 
railway in the East,” writes an engineer, 
“has reached the altitude [over 6000ft.] 
attained by the Ceylon Railway in so short a 
distance, on a gauge so broad [5}ft.] and 
with gradients so steep and sharp.” On one 
incline the gradient is 1 in 45; 10-chain 
curves were used to raise the line 1385ft., an 
average of 106$ft. per mile. 

The harbour in Colombo is well protected 
by breakwaters ; passengers from liners go 
ashore in boats. A great deal of shipping 
uses the barbour. 

A big and attractive hydro-electric scheme, 
but for political vagaries, would have been 
completed years ago. The London consulting 


ment officials, engineers, and planters— 
on the whole, a hard-working. community 
in a most enervating tropical climate. 
Mechanical transport was extensive, 
On the railways air-conditioned carriages 
were available. In 1939 life was very 
different for the planters and other residents 
in Malaya from that which was experienced 
fifty years ago. The formerly isolated 
planters or traders, who penetrated up 
country, had then none of the amenities of 
life, such as electric supply, mechanised trans- 
port, refrigeration, and even air-conditioning, 
which are now in general use. As roads were 
built, villages sprang up, cultivation was 
extended, the Chinese, as everywhere else in 
Malaya, being pioneers. 

The Government engineers carried out the 
work of road construction, bridges, &c., with 
the difficulties common to tropical areas ; 
there was a special Drainage and Irrigation 
Department, which not only made possible 
a large increase in the production of rice, but 
greatly reduced the loss of human energy and 
health caused by tropical diseases. Rice grow- 
ing usually involves irrigation, for the plants 
require to be submerged with running 





water. In 1940 the world shipments 
of rubber were in the region of 1} million 
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engineers finally recommended a scheme, the 
first stage of which is in hand and will pro- 
vide 12,000 kW. When stages 2 and 3 are 
completed 100,000 kW will be available. 

A prominent official in Ceylon has stated 
that “‘ the whole of the water power economic- 
ally available in this country is over 1 million 
H.P. and is barely sufficient to meet the 
needs of our 6 million inhabitants for 
their social, economical, and _ industrial 
development.” 


Far EASTERN COLONIES 


The most flourishing portion of the 
Colonial Empire during the first four decades 
of this century was Malaya. Its exports were 
of more value than the total of all the other 
parts. The British transformed a land that 
had been almost entirely jungle into a great 
centre of the tin and rubber industries, and 
the revenue obtained enabled extensive 
Public Works Department works to be 
carried out. The unfortunate fate of many 
residents caused certain critics to make 
many inaccurate and unjust statements 
about the British in Malaya. For months 
it was my good fortune to travel through 


tons, of which 60 per cent. came from British- 
owned plantations. Malaya and the Dutch 
East Indies supplied 83 per cent. of the 
world’s plantation rubber. 

The Chinese were very active in Malaya as 
traders, also as owners of rubber plantations 
and tin mines, while many were employed as 
coolies. Most of the wealth of the country 
was owned by Chinese, many of whom had 
commenced life as coolies. A large number 
of Tamils from India were employed on 
rubber plantations, and the Government engi- 
neers had to supervise the work of many 
Chinese and Tamil coolies. There were more 
Chinese in Malaya than Malays, but the 
British Government always considered the 
interests of the Malays before those of other 
races. 

The two great centres of commérce were 
the ports of Singapore and Penang. The 
amazing development of Singapore, in about 
120 years, can be regarded as a monument of 
British enterprise and justice. Stamford 
Raffles purchased a small island, about the 
size of the Isle of Wight, on behalf of the 
East India Company, from the Sultan of 
Johore. There were only a few huts on the 





the peninsula and to mix with Govern- 


island. One of the most important ports in 
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the world and a great centre of commerce 
gradually evolved. In 1939 there was a city 
of over 600,000 residents, mostly Chinese, on 
the south side of the island. The port had 
been developed with all modern equipment 
for dealing with cargo. Millions had been 
spent on a great naval base. It was not until 
about seventy years ago that British influ- 
ence extended into the Malay States. 

It is not possible to describe many of the 
engineering works, but one of the facts that 
impressed itself upon me was that, although 
Chinese coolie labour is the cheapest hand 
labour available, yet in recent years the 
real value of mechanism—as, for example, 
mechanical excavators—became fully appre- 
ciated in Malaya. 


WatTeR SuPPiLy OF SINGAPORE 


The first water supply of Singapore was 
drawn from sources from within the island. 





1200 people, with adequate supplies of 
water, sewerage, and electricity. 

The first reservoir created has a drainage 
area of 1550 acres, contained 1220 million 
gallons, and supplied Singapore by gravity 
with 64 million gallonsaday. The pipe line 
from the dam to the service reservoir was 
designed to carry 12 million gallons a day, 
so as to include water from other sources. 
As the famous causeway had been con- 
structed, the pipe line was laid in the road 
across the straits and through a subway 
under the lock. 

The creation of the second reservoir 
involved clearing the jungle, anti-malarial 
measures, and the construction of buildings, 
and an access road, 8400ft. long, through 
dense jungle and over swampy ground. The 
reservoir contains 2200 million gallons, and 
has a drainage area yielding 9 million 
gallons a day to Singapore. A concrete 

cut-off wall was carried 
down into the solid 
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rock to a depth of 
45ft. below the bed of 
the river. As the water 
level of this reservoir 
was low, the pumping 
station was constructed 
to house eventually 
eight ae ci each 
capable of dealing 
with 3 million gallons 
in twenty-four hours, 
and driven by gas 
engines, each of 300 
H.P. The water was 
pumped through 34 
miles of 30in. diameter 
steel pipes to discharge 
into the clear water 
tank, provided by the 
first instalment, so 
that the waters of both 
reservoirsare conveyed 
by gravity through the 

same pipe line to 
a) Singapore. 

The Singapore Har- 
bour Board controls all 
public wharves, dry 
docks, &c. As the Suez 
Canal takes vessels 
of 31ft. draught, that 
figure indicates the re- 
quirements of Eastern 
ports for depth of 
water. There are five 
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In 1919 the municipal engineering staff began 
to investigate and survey possible sources, 
both on the island and on the mainland in 
Johore for future supplies. As a result of 
these preliminary reports, Messrs. Binnie, 
Deacon and Gourley, consultants of West- 
minster, were asked to recommend exten- 
sions. Later, they were appointed to design 
and carry out new works. The sources on 
the island supplied 12 million gallons per day, 
which was about the consumption in 1921, 
when the population was 426,000. In 1930 
the consumption had risen to 17 million 
gallons per day. 

Two large reservoirs, some distance apart, 
were formed in Johore valleys by building 
dams. There was dense tropical jungle ; 
large areas were denuded of trees and 
drained ; men were employed on daily tours 
of inspection of drains and to spray with oil 
any damp ground or places where there was 
standing water. Even large granite boulders, 
weighing 700 tons, had channels cut in the 
rock to drain the water away. One side of 
the valley was transformed into a village for 





@ dry docks ; the largest 
is the King’s Dock 
with extreme length 

at bottom of 879ft., width at entrance 
100ft., and depth at high water spring 
tides 34ft. Among other works was the 
construction of a large wet dock, where 
formerly there was an evil-smelling swamp. 
Merchant ships of tonnage about 15 millions 
per annum entered the port. The Harbour 
Board has its own electric power station and 
well-equipped workshops. 

Some years ago the Japanese laid plans 
to cut a canal through the Kra Peninsula, 
just north of the Malaya boundary and in 
Siam. They are said to be at work on a 
scheme that would cut off 600 miles of the 
voyage from the Far East to Europe, and 
by-pass Singapore. It is said to be a more 
difficult task than the Panama Canal, and 
is unlikely to be completed, if it has been 
commenced. 

Electricity was in increasing demand all 
over the peninsula. In Singapore the muni- 
cipal authorities sold 128,188 units in 1907 
and nearly 27 million twenty-five years later. 
Costs per unit fell from 50 cents (1s. 1d.) to 
about 6} cents in that period, evidence 





of the increase in efficiency of production. 

The construction of railways caused few 
difficulties other than those usual in the 
tropics. The main problem was bridges. The 
longest, over the Perak River,.is seven spans 
of 150ft., and on the east coast over the 
Semantan River, four spans of 150ft. The 
lines are metre gauge; early rails weighed 
44 lb. per yard, but on more recent lines 
60 lb. and 80 1b. rails were used. Excellent 
local hardwoods, impervious to white ants, 
are used as sleepers, being replaced after 
about ten years. As roads were built, 
cultivation was extended. Penang, Kuala 
Lumpur, Ipoh, and other towns had excel- 
lent engineering services. Motoring in Malaya 
over hundreds of miles of surfaced roads was 
a delight. 

In the Malayan archipelago is Sarawak, 
famous for its oilfields and the romantic 
careers of British Rajahs. Adjoining the terri- 
tory is British North Borneo, from which 
hardwoods, &c., were exported. These terri- 
torities, like other British-governed islands in 
the Pacific, have had very little engineering 
development, but offer great opportunities 
for such work. In New Guinea British terri- 
tory covers over 280,000 square miles. The 
most s ular development was in the 
Wau goldfield; in 1927 the first aeroplane, 
carrying 600 Ib. of cargo, arrived there, doing 
@ journey in two hours which had previously 
taken 250 carriers, for the same load, six 
weeks. In 1931, in one month, 581 tons was 
carried to the field by aeroplane. In 1936 no 
less than thirty-nine aeroplanes were at work 
there. There are enormous water power 
resources in the island. There will be a tre- 
mendous development of the forest timbers, 
minerals, and cultivated vegetation in these 
thinly populated East Indian islands. It will 
be possible when the urgently needed interior 
transport facilities become available. 


Hone Kone 


The tragedy which has befallen the 
inhabitants of Hong Kong will soon become a 
memory, and once again British and Chinese 
enterprise and engineering skill will be 
evident and ensure progress. In almost 
exactly 100 years, since China ceded it: 
to Britain, in 1841, the little island was 
transformed. Formerly the home of about 
5000 Chinese, mostly engaged in piracy, it 
contained about 600,000 people when I left 
in 1939. It has one of the most beautiful 
harbours in the -world; shipping was 
often described as “the life-blood of the 
Colony.” Local industries, however, had 
been developed. Not only were ships up to 
12,000 tons built in the splendidly equipped 
dockyards, but there were many small 
factories which, collectively, demanded a 
considerable supply of electric power. As 
some indication of development, the total 
revenue of the Colony increased in the years 
1887 to 1938 from 24 million to 36} million 
dollars, and during that half century rather 
more than one-fourth of the annual revenue 
was, on the average, spent by the Public 
Works Department. 

The Colony in 1940 consisted not only of 
the island, but a small portion of land on the 
mainland at Kowloon, ceded about eighty 
years ago, a mile distant across the harbour 
from the City of Victoria on the island. In 
1898 some 300 square miles of mainland 
territory behind Kowloon was granted by 
China on a ninety-nine years’ lease. The 
amazing development of the town of Kowloon 
after 1910 was largely due to the work done 
by the engineers of the Public Works Depart- 
ment. Hills were removed and thrown 
into the sea; the land reclaimed and 
levelled was soon covered with build- 
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ings, including many small mechanised 
factories owned by Chinese. When first I 
reached Hong Kong in 1912 there were about 
30,000 people in Kowloon; in 1937, before 
the Japanese invasion of South China, there 
were more than 300,000 people there ; when 
the refugees streamed in the population 
increased to at least half a million, and that 
on the island—about 450,000 in 1937— 
exceeded 600,000. 

The two Chinese words “Hong Kong” 
mean ‘‘sweet waters.” In the early days 
the supply of water for ships and the harbour 
were the attractions that made the British 
decide to accept the Chinese offer of cession. 
As the Colony developed, an adequate supply 
of water was an expensive and difficult engi- 
neering problem, the solution of which was, 
unfortunately, delayed by the Administra- 
tion, involving great hardships on local 
residents. 

Situated at one of the delta mouths of the 
river that flows past the great mercantile 
City of Canton—100 miles up river from the 
sea—Hong Kong soon became the distribut- 
ing centre for cargo from Europe and America 
for many parts of the Far East. Wharves 
and storehouses were built; to reduce 
malaria, &c., swamps were drained ; hillside 
streams trained to flow down direct to the 
sea in nullahs—open drains—built of the 
local granite ; roads were constructed ; huge 
areas of the island reclaimed from the sea ; 
millions of trees were planted on the hillsides, 
and the City of Victoria gradually expanded 
in size and importance. 

In the early days the European residents, 
being within the tropics, suffered from malaria 
and enteric diseases. In 1844, between May 
and October, 24 per cent. of the. British 
troops died. But there was no suggestion of 
defeatism—the British went on to effect 
improvements and to expand their trade. 
The arrival of the first small steamer in “‘ the 
hungry forties ’’ must have cheered the fever- 
striken inhabitants of the Colony ; the coming 
of steam to Hong Kong was to affect pro- 
foundly, first of all the Colony, then other 
parts of the Far East, and finally world 
politics. China was given the opportunity 
to introduce the modern engineering works 
in evidence in Hong Kong. British engineers 
laid plans for railways, mining developments, 
and other schemes before Chinese officials, 
who, steeped in the ancient Confucian classics, 
foolishly despised the new knowledge and 
appliances offered by the British. But a 
certain Sun Yat Sen learned about modern 
science from British teachers in Hong Kong, 
and during his years of residence there he 
saw the contrast between the Colony and 
China, due to the enterprise, scientific know- 
lege, and law and order introduced by the 
British. He set to work to rouse his own 
countrymen, but he was too late to avert the 
tragedy that has come to China. 

Some words written by the economist 
Dr. L. C. A. Knowles often came to my mind 
as I inspected in Hong Kong and Malaya the 
work done by the overworked Public Works 
Department engineers: “Many volumes 
have appeared about the military records of 
the Empire, but very little about the struggle 
with the overwhelming forces of Nature 
which took shape in the unromantic guise of 
public works. The struggle between the engi- 
neer and the stupendous obstacles arrayed 
against him have altered all Colonial values.” 

An expansive and comprehensive scheme 
for port development was drawn up about 
twenty years ago by Sir Maurice Fitzmaurice. 
Typhoon, shelters have been built to shield 
small craft against wind velocities which 
have exceeded 170 m.p.h. A very extensive 
motor road system, for which the engineers 
had to negotiate very steep granite hillsides, 


was extended in the last two decades. The 
only Governor who was an engineer, Sir 
Mathew Nathan, initiated the railway to 
Canton and the splendid wide road in 
Kowloon more than thirty years ago, Until 
about ten years ago the official attitude was 
that all public works must be paid for out of 
revenue. As 25 per cent. of the revenue was 
remitted each year for Imperial defence, it 
meant Imperial taxation prevented public 
works, and local finance was an excuse for 
delaying urgently needed water supply 
schemes. When, finally, a loan was raised 
to build the Shing Mun dam, &c., it was over- 
subscribed, 

The problem of water supply has caused 
the greatest difficulties to the Government 
and people of the Colony during its history. 
In the early days water was obtained from 
the wells and from the streams running down 
the hillside. Since the habits of Chinese 
include manuring of cultivated land with 
human excreta, it inevitably followed that 
the elementary method of water supply was 
a source of great danger, and undoubtedly 
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caused many fatalities during the early days. 
With the exception of the comparatively level 
areas on which parts of the towns of Victoria 
and Kowloon are situated, the Colony is 
mountainous, the highest peak on the island 
being 1760ft. and on the mainland about 
3000ft. The capacity of any reservoir is 
small as compared with the height of the 
dams required to form it. The first effort 
to secure a water supply was made by build- 
ing a reservoir at the south end of the island. 
A conduit carried this water for about 2 miles 
to filter beds and a service reservoir near to 
the City of Victoria. A few years after the 
occupation by the British, expert consult- 
ants from England visited the Colony in 
order to advise upon the best methods of 
securing an adequate water supply. This led 
to the creation of reservoirs and catchment 
areas, &c., in the extreme end of the island 
near the Lymoon Pass. A tunnel was cut 
through the hill between this area and the 
City of Victoria, and a long conduit was 
built to carry the water to filter beds and 
service reservoirs. The large Tytam Tuk 
reservoir was opened in 1916 by the Governor, 
who then stated that the new storage would 
suffice for many years, but he was too opti- 
mistic, for in a comparatively short time 
there was again a water famine, during which 
many thousands of Chinese had to stand in 


times from standpipes on the roadside. | 
was deeply impressed by the able manner in 
which the Public Works Department engi- 
neer, Mr. Jaffe, carried out the difficult work 
of designing and constructing the big dam for 
the Tytam Tuk reservoir. When Tytam Tuk 
was completed and other reservoirs had sub- 
sequently been built on the south side of the 
island, the gross capacity of all of them was 
2360 million gallons, and there were four in 
the mainland having a gross capacity of 687 
million gallons. Then, in 1937, a new reser- 
voir for 3000 million gallons was completed 
by building the Shing Mun dam. In the years 
between 1921 and 1937 there were only seven 
when, an unrestricted supply of water could 
be given throughout the year, and in some 
years the shortage was acute, so much so that 
water was brought by ships and placed in 
hastily constructed brick tanks on the quay 
side. This shortage was not due to the 
Public Works Department engineers, who 
had constantly warned the Government of 
the need for extensions. Mr. R. M. Hender- 
son, first as Chief of the Water Department 
and then as a Director of the Public Works 
Department, made an exhaustive study of 
all possibilities, and finally came to the con- 
clusion that the best solution would be to 
construct a reservoir or reservoirs, impound- 
ing the waters of the Shing Mun River on the 
leased territory on the mainland, a scheme 
approved by London, consultants and, with 
certain amendments, carried out. Pipe lines 
were laid across the harbour and the island 
at last obtained a full supply. 


THe Hus oF THE WHEEL OF PROGRESS 


During my endeavour to collect informa- 
tion for this series, several Government 
Departments and many individuals have 
given me great assistance, which often 
involved them in a considerable amount of 
work in searching old records. It surprised 
me to discover what a vast amount of work 
has been done in London in connection with 
the development of the natural resources of 
our scattered Empire. From that centre 
many designs and ideas have gone ‘out to aid 
engineers working under the most varied 
conditions of physical environment and 
human relations, with the result that the 
daily lives of many millions of British sub- 
jects overseas have been entirely changed. A 
prominent consulting engineer wrote to me 
to explain that he was “ delighted to read 
that one point you wish especially to empha- 
sise is the part played by British engineers 
as Empire builders. It is an aspect of the 
work of engineers that I have always stressed, 
and am still astonished at the very large 
number of people who do not realise that 
without the services of engineers in supply- 
ing communications and all the amenities of 
life, from water supply to ventilation, there 
would not have been the vast developments 
which have promoted trade, and, in tura, 
helped to create a living Empire. This is 
quite apart from the personal contacts they 
make, which the Foreign Office certainly 
recognises and have told me so.”’ 

A weakness of our Colonial administration 
has been due to the narrow academic training 
of those responsible for it. They have had 
almost certainly something of a bias against 
engineering, commerce, and industry. Their 
incorruptibility is universally admired, but 
the development of the natural resources in 
the Colonies is the foundation for raising the 
standard of living. All Government officials 
should be interested as much in economic 
development as in moral values, for abject 
poverty creates temptations. In recent 
years those selected for Colonial administra- 
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or Cambridge, but the only engineering 
subject included is surveying. It is difficult 
to understand why Government engineers 
are not given a post-graduate course, and 
why their pay and prospects are so inferior 
to the administrators. It was encouraging 
to read recently the spirited plea made on 
their behalf by a prominent consultant, Mr. 
W. T. Halcrow, who has been responsible for 
large engineering works abroad. It is hoped 
that other leaders in the profession will do 
their utmost to remedy a great injustice 
which must retard progress in the Colonies. 
In the creation of the Empire Britain has 
achieved a unique success. We can answer 
crities by the record of the engineers. The 
British are trustees for the 63 million people 
in the Colonial Empire who are becoming 
aware of many new ideas. We have 
made mistakes — usually unwilling to take 
financial risks- in guaranteeing loans 
for engineering developments; often pro- 
viding education that was not practical, 
tending to make natives despise using their 
hands, But with all our faults we have done 
better than any other nation, and we have 
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grab. In the new age of technological pro- 
duction, the age of abundance and human 
interdependence, those atavistic isolationists 
have formulated old theories and have 
attempted to fetter humanity with ancient 
and long-discarded tribal ideas, about Thor 
and Valhalla and the gaining of loot by 
preying on neighbours. 

Engineers in the British Empire have been 
inspired in their various activities by the 
knowledge that technology has made possible 
the end of drudgery, poverty, isolation, and 
fear. They believed that the English- 
speaking peoples have led the world along 
paths of progress, which have made possible, 
for all humanity, the permanent establish- 
ment of the Four Freedoms of the Atlantic 
Charter. They have paid the price in blood, 
sweat, disease, and mental energy, but they 
thought it well worth while. 

And so, as we close our rapid survey of 


Empire overseas, and glimpse into the world 
of new generations, we engineers who have 
helped, in however meagre a fashion indi- 
vidually, to shape this new world can be 
satisfied that our work was not in vain, and 
feel pride in our profession. 

The claims put forward on humanitarian 
grounds by Lord Lugard, in respect of tropical 
Africa, are unquestionably justified also for 
other parts of the British Empire. ‘‘ We 
have,” he writes, “added to the prosperity 
and wealth of these lands and checked famine 
and disease. We have put an end to the 
awful misery of the slave trade and inter- 
tribal war, to human sacrifice, and the 
ordeals of the witch doctor.”” The tremendous 
task that must be accomplished as quickly as 
possible, when peace returns, is the utilisa- 
tion of the vast natural resources of our 
Colonial Empire for the benefit of humanity. 
In that work the engineer will play a very 
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had bigger problems than any others to solve. 
CoNCLUSION 
We cannot leave this subject of the British 
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Empire without a reference to the most 
bafling feature of the world as it exists 
to-day. British engineers must lift up their 
thoughts from the drawing board, from work 
in the factory, the workshop, and from con- 
struction schemes outdoors, to consider their 
duty as citizens of the world. While engi- 
neering science is making more rapid "pro- 
gress than ever to produce abundance of the 
necessities and even of the luxuries of life, 
there is a disturbing feature of our existence, 
for political and moral issues in recent years 
have been either in a state of deadlock or 
retrogression in, other lands. 

We, in the British Empire, and men in other 
really civilised countries, regard ‘‘ power ” 
as the power to control and utilise the forces 
and products of Nature for the benefit of 
humanity. For our enemies the word 
‘ power ’’ means the power of man over man. 
They have replaced the laws of supply and 
demand by the gangster rules of smash and 


OBSERVATIONS ON PERFORMANCE 


Y the kindness of Mr. C. Grasemann, 
Public Relations Officer of the Southern 
Railway, I was enabled to make footplate 
journeys on “Merchant Navy ” class engines, 
and it is a pleasure to pay a tribute to the very 
great courtesy extended to me by every 
railway man I met in the course of my travels. 
On each journey I recorded the times at 
which most stations and other important 
points were passed, and I also noted passing 
times at mileposts in order to afford some idea 
of the maximum and minimum speeds 
attained. Such observations can, however, 
be made by anyone in the train, and so my 
attention was more particularly directed to 
happenings on the footplate. I do not claim 
(as has been claimed) that it is always possible 
to obtain reliable figures for maxima and 








minima whilst primarily doing other 


work. 
10.50 4.M. WATERLOO TO EXETER 


On run A (Table I) I recorded only passing 
times, as I was in the train with Locomotive 
Inspector Knight (of Nine Elms), and it was 
far more interesting and valuable to listen to 
his remarks on the driving and firing of loco- 
motives than to concentrate on stop-watch 
work. On this occasion Lord Monkswell 
and Mr. Bulleid were on the footplate, and 
this may have inspired the driver to excep- 
tional efforts, but even so, it was excellent 
work to run the 22-3 miles from Brookwood 
up to Worting Junction in 22 min. 38 sec. at 
an average of 59 m.p.h. with 550 tons bebind 
the tender. 

At Salisbury “ No. 2109” was replaced by 
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“ No. 21C5,” of the same class, in charge of 
Driver Willis and Fireman Padwick, of 
Salisbury shed, and the load was reduced to 
fourteen vehicles, or about 480 tons loaded. 
Then commenced run B (Table IT), recorded 
from the footplate, and this was the most 
impressive of the journeys I made. 


contained any reciprocating parts at all. 

Whilst “ No. 2105 ” was going, the cab was 
filled with the deep rumble inevitable in the 
running of a steel-wheeled vehicle over steel 
rails, and this increased with rise in speed, 
but was not excessive even at the highest 





speeds. I have travelled in motor buses that 

















Taste I 
POUR: 2dgCisace san” Pats = A (down) D (up) 
ERR CES eR eR he 2 ** 21C9”” ** 21C10” 
Load—Vehicles... ...  ... 16 13 
Tons (loaded) ad 550 450 
Miles. M. 8 M.p.h Miles. M. 6. M.p.h. 
0 TNE Si aus bs Gann. alas 0 0 - 
1-3 So ie ae CA 3 58 19-7 
3:9 Clapham Junction ... ... 7 56 39-4 
7-3 EE ae 12 38 43-4 
12-0 7 RAE car. 17 ‘51 54-0 
19-1 MVMPUNIGED wan wa eS At 24 37 63-9 
21-7 Byfleet epbsiu dee cieleebs sisted 27 06 62-7 
24-4 Woking oe, Se 30 41 45-2 
0-0 Woking Be 4; oe Pea weer 0 #60 42-0 45 35 52-8 
3-6 Ce TREE ae EEE 7 40 28-1 38-4 41 30 61-3 
8-8 Farnborough ... ... ... 14 08 48-3 33-2 36 25 64-2 
15-4 Wraneneid ... 2... 20 25 63-0 26-6 30 15 65-5 
23-4 Basingstoke yaw a gee tae 27 40 66-3 18-6 22 55 69-3 
25-9 Worting Junction... ... 30 18 57-0 16-1 20 45 65-1 
28-0 SP RES See 32 45 51-3 14-0 18 49 64-0 
31-2 i ae? SS ae —_ — 10-8 15 49 57-6 
36-7 Hurstbourne ie Gee eee 41 00 63-3 5-3 10 05 31-6 
42-0 Andover Re ee 45 25 71-9 0 0 0 — 
DEE. ose Dc ey (pass) oe 17-4 25 55 56-8 
48-4 Gemeley «oo Se 52 20 55-5 11-0 19 10 40-4 
53-9 SSA Ras Sys e 60 20* 41-3 5:5 a2: OF 37-7 
58-3 Tunnel Junction 66 05 45-9 1-1 4 0 16-5 
59-4 Salisbury ... 69 18. 15-6 0 0 0 — 





























M.p.h. represents average speed from preceding timing point. 
t Slowed for track repairing. 


* Signal delay. 


Although the times represent a gain of 
10 min. on the booked allowance, they have 
been beaten on at least one occasion by a 
rather less heavily loaded “ King Arthur ” 
class 4-6-0 at the very top of her peacetime 
form, but she must have been worked very 
hard to do it, whereas “No. 2105” was 
merely playing with her train. On the foot- 
plate the unhurried calm of the crew and the 
engine’s effortless running completely 
deceived me as to the quality of the work 
she was doing, and it was not until I came to 
examine my figures, two days after the run, 
that I realised what mastery she had held 
over load, road, and schedule. 

Cut-off figures were not recorded because 
the indicator cannot be read with certainty 
unless the driver be asked to move from his 
normal position on the footplate, and this I 
did not do. I made a point in all my journeys 
of exchanging no word with the driver 
whilst the engine was in motion ; occasionally 
I had a short conversation with the fireman, 
but for most of the travelling time no word 
was spoken. 

Driver Willis told me on arrival at Exeter 
that after the immediate start from Salisbury 
he had worked at about 25 per cent. cut-off 
all the way except on the steepest ascents, 
where he advanced it to a maximum of about 
40 per cent. Other changes of effort to suit 
the sharp undulations of the road were made 
by adjustment of the regulator. These are 
reflected in the steam chest pressure, which 
approximated to boiler pressure when the 
regulator was wide open, but was otherwise 
usually about 180 lb. per square inch. Driver 
Willis explained that while he would use cut- 
offs down to 18 per cent. on some engines of 
the “ Merchant Navy ” class, this particular 
one did not, in ‘his experience, work very 
happily at less than 25 per cent. 

The exhaust of “ No. 21C5” is of the 
sharply hissing variety, common to all loco- 
motives with multiple-jet blast pipes, and it 
could be heard only on starting and when 
working up the steeper gradients. At no 
other time would one have suspected from 





sensations on the footplate that the engine 


were as noisy as this engine, but in none that 
moved so comfortably, for ‘‘ No. 21C5 ” rode 
with remarkable steadiness under all con- 
ditions and there was never the slightest 
suspicion of roll or sway at any point on the 
route. The exceptionally smooth riding was 





perhaps the most impressive feature of the 


weather was warm and sunny with little 
wind, and Driver Willis had nothing to worry 
him. From his position at the left-hand side 
of the cab he watched the line ahead and the 
beautiful country through which we were 
passing, only rarely sparing an inward glance, 
and even that was perfunctory, for nothing 
of importance escaped the attention of Fire- 
man Padwick. His spells of firing averaged 
about eight heaping shovelfuls each and were 
carried out with sufficient deliberation to 
permit him to discard occasional bits of near- 
coal that would have done “No. 2i1C5’s” 
digestion more harm than good. 

The coal was Welsh, with a certain amount 
of slack, and most of it was placed in the rear 
quarter of the length of the grate, where the 
top surface of the fire was kept ‘‘ black ” and 
at a rather higher level than the bottom of 
the fire-hole. Apparently the fire-box 
vibrates more severely than does the foot- 
plate, for although the crew and their visitor 
felt no discomfort, the burning coal was 
shaking about continuously at all speeds 
above about 30 m.p.h., and thus remained 
admirably loose, evenly spread and free from 
holes. As the grate slopes downwards to the 
front, the fire tends to work forward and the 
fireman’s main care is to keep the rear end 
supplied. ‘No. 21C5” had the reputation 
of being a shy steamer, but on this journey 
the boiler pressure was maintained with no 
apparent difficulty at 240 lb. to 2601b. per 
square inch. 

Between spells with the shovel, Fireman 
Padwick swept the footplate clear of small 
coal, glanced at steam and water gauges, 
stopped or started injectors, and once 
shouted a reassurance to the driver about the 
indication of a signal that could be seen 
sooner from the right of the cab than from 
the left. Although not overworked, he was 
never idle for a moment and never made use 
of his tip-up seat. Steam and water control 












































Taste IT 
BRR recip sncice cae) tee ome B (down) C (up) 
ee ee ee ** 21C5"" **21C6" 
Load—Vehicles... ... .-. 14 13 
Tons (loaded)... 480 450 
Miles. M. 8 M.p.h Miles. M. 8 M.p.h 
0 Salighury. ...- 02: seo -«0 0 0 = 28-4 31 31 43-1 
2-5 ee ees 6 30 23-1 25-9 28 02* 68-0 
8-2 Be Gece cue: 00s Tan 13 43 47-4 20-2 23 00 68-0 
12-5 IE 00s:-2)5h0"- ose: . $i 18 12 57°5 15-9 19 12 58-2 
17-6 Semley RS ee 23 28 58-1 10-8 13. 57 50°5 
21-7 OS ee ee 26 59 70-0 6-7 9 05 46-4 
23-7 Mile-post 1074 ... ... ..- 28 50 64-8 4:7 6 30 43-4 
28-4 Templecombe ... ... «.. 32 28 77°7 0 0 Oo aie 
Templecombe ... ... ..- Pass _ 47-4 61 42 35-2 
30-8 Milborne Port ... ... ... 35 08 53-0 45-0 57 36 38-5 
34-5 ee eer ae oe 38 23 68-3 41-3 51 50 57-1 
39-1 Yeovil Junction... ... ... 42 22 69-3 36-7 47 00 32-4 
41-3 Sutton Bingham Ne 44 24 65-0 34-5 42 55f 39-3 
42-5 Mile- >) Se ee 45 54 48-0 33-3 41 05 68-2 
47-9 Crewkerne ... 2... .-5 es 50 41 67-8 27-9 36 20 43-6 
49-5 Mile- ot eee eee 53 02 40-7 26-3 34 08 49-4 
55-9 Cc Junction... ... ... 58 47 66-7 19-9 26 . 21 60-0 
61-0 pee eee eee 62 53 74-7 14-8 21 15 60-9 
64-3 Seaton Junction odd kee 65 41 70-7 11-5 18 03 53-2 
68-7 Mile-post 1524 ... ...  «.. 72 30 38-7 7-1 _ ine 
69-7 Mile-post 1534 ... ...  «.. 74 45 26-7 6-1 ll 58 32-5 
71-2 ee Fee eee 76 43 45-8 4-6 9 12 30-0 
75-8 Sidmouth Junction ... ... 81 22 59-4 0 0 0 seis 
0 Sidmouth Junction ..._... 0 0 == 12-2 22 18 31-6 
3-7 Whiriple 2... see ose nee 5 56 37-4 8-5 15 16 49-0 
7-4 Broad Clyst He eve 9 00 72-3 4-8 10 44 56°5 
9-3 IN os cote | cee! bok ote 10 47 63-9 2-8 8 43 29-0 
11-1 Exmouth Junction ... ... 12 49 53-1 1-1 5 00 13-2 
12-2 es. ie es eee 15 28 24-9 0 0 0 — 
from preceding timing point. . 


M.p.h. represents average 
bd Siow 


ed for curve. + Slowed for track repairing. 


journey, and was surpassed, if at all, only by , hand wheels for both live steam injectors are 
the absence of any indication of effort ; one| under the fireman’s seat and the discharge 
could imagine that the train was pushing the | from the overflow pipes is observed through 


engine along. She was pacific, indeed. 
There was a sharp shower of rain just 


two 2in. holes in the footplate. 


The downhill stretches produced. some high 


before we left Salisbury and the engine slipped | speeds after quick acceleration, and they 
once on the wet rails, but after that the|were evidenced by stop-watch readings, 
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increase in gale force as one leaned outside 
the cab to “catch” the mile-posts, and 
increase in cab noise, but never by any 
change in the riding of the engine, for that 
was perfect throughout. 

After climbing past Crewkerne to the 
summit at mile-post 133} with a minimum 
speed of 39 mp.h., “No. 2105” swept 
smoothly down to Axminster with steam 
chest pressure not higher than 1201b. per 
square inch, and gave the train a useful 
degree of momentum at the bottom of the 
dip. 

On the ascent past Seaton Junction to 
Honiton tunnel the regulator was opened 
wide and later still Driver Willis advanced 
the cut-off to 40 per cent., whereat Padwick 
and I exchanged mock frowns, as if to say, 
“ That’s right, thrash her, don’t bother about 
the poor fireman.” Actually there was no 
appreciable increase in the rate of coal con- 
sumption, and the engine, with exhaust beats 
now plainly audible from the cab, climbed 
through the deep cutting and into the tunnel 
without any hesitation beyond a momentary 
slip which corrected itself. 

The walls of the tunnel reflected the sound 
of a slight knock in one of the big ends and 
the darkness enabled me to note that the 
graduations and needles of all the gauges 
bear luminous paint ; there was no need to 
use the electric light available in the cabs of 
these engines. The paint used is specially 
prepared to enable it to react to rays pro- 
jected from an ordinary electric lamp through 
a dark violet glass. There is therefore no 
reflection from the gauge glasses which would 
interfere with the driver’s vision. 

Current for the whole electric lighting 
system is supplied by a steam turbo- 
generator. 

On the descent from the western mouth of 
Honiton tunnel speed rose rapidly, but Sid- 
mouth Junction is situated at the top of a 
sharp up gradient, and so only a moderate 
brake application sufficed to make a smart 
stop with the engine on the level crossing. 
It was necessary to “ draw-up ” after a time 
in order to bring the rear part of the train 
abreast of the platform, and the nominal 
allowance of three minutes for the 
station work was considerably exceeded. 

Whilst the train was standing, the fireman 
placed a comparatively heavy charge of coal 
on the fire and made further additions on the 
way down to Exeter. This was preparatory 
to banking the fire for a two-hour wait at 
Exeter, after which it would take the engine 
for a few miles on the way back to Salisbury. 
Otherwise on a locomotive finishing its duty 
at Exeter, the last addition to the fire may 
be made on Seaton bank. 

Driver Willis ran easily over the last stage 
of the journey, the maximum rate at Broad 
Clyst being well below peacetime figures at 
this point, and when we drew up at Exeter 
Central with the platform clock indicating 
2.28 p.m. he was able to say with justifiable 
satisfaction “ Right time ! ” 


10.35 A.M., EXETER TO WATERLOO 


On the day after my journey to Exeter, 
I joined Driver Sharland and Fireman Roke, 
of Exmouth Junction running shed, on the 
engine allotted to the 10.35 a.m. up train from 
Exeter. This proved to be “No. 2105” 
again, and it was specially interesting to see 
the same engine handled in a somewhat 
different manner from that adopted by the 
Salisbury men. 

Driver Sharland said that he worked 
** Merchant Navy ” class engines at 15 to 20 
per cent. cut-off in average conditions, but 
that the steepest gradients of the Salisbury- 
Exeter route called for a maximum of about 
40 per cent. He mentioned that these engines 


are prone to slip when starting. In this 
respect they are similar to many other 
modern locomotives, for if the cylinders are 
large enough to utilise the full output of the 
boiler with an early cut-off, adhesion weight 
chosen to suit normal running conditions is 
likely to be inadequate to prevent slipping 
when full boiler pressure is allowed to act on 
the pistons over a high proportion of their 
stroke. 

When I reached the engine at about 
9.50 a.m. she had a moderately deep fire of 
Welsh coal already well burned through, but 
Fireman Roke made no addition to it until 
nearly an hour later, when we had covered 
some 7 miles of our journey. In the interval 
he made use of the injector and adjusted the 
blower so that when we drew out of Exeter 
with thirteen vehicles behind the tender the 
boiler pressure was 245 ]b. per square 
inch and the water level showed at the very 
top of the gauge glasses. Incidentally, the 
gauges had to be “ blown down ”’ occasion- 
ally to make then show equal readings. 

Rain had been falling for some time before 
the start was made and the engine slipped 
several times on the rise to Exmouth 
Junction. Driver Sharland therefore took 
things easily at first, as with steam chest 
pressure ranging from 200Ib. to 2201b. per 
square inch we ran at about 35 per cent. 
cut-off before coming down to 20 per cent. 
on passing Pinhoe. The regulator was partly 
closed for the descent to Broad Clyst and 
shortly after we passed that station Roke 
commenced to fire. His general practice was 
to limit each spell of firing to five or six 
shovelfuls—a moderate amount on a grate 
of nearly 50 square feet—and he thus main- 
tained a bright shallow fire with a negligible 
area of “‘ black.” As on the down trip, most 
of the coal was placed in the rear part of the 
fire-box, but occasional small amounts were 
thrown on to the middle of the fire. Fireman 
Roke stopped and restarted injectors rather 
more frequently than did Padwick and 
apparently aimed at keeping the water level 
halfway up the gauge glasses. Over a road 
such as this the change from up gradient to 
down gradient may cause the water gauge 
reading to fall by 6in. in a few seconds, and 
so the fireman needs considerable experience 
if he is to handle the injectors to the best 
advantage. 

After restarting from Sidmouth Junction, 
Fireman Roke contrived to raise the boiler 
pressure to 260 lb. per square inch, at which 
point “No. 2105” commenced to “ blow 
off,”” although the nominal working pressure 
is 2801lb. per square inch. On passing 
Honiton there was some slipping, checked by 
sanding the rails and momentarily closing 
the regulator. We entered the tunnel at 
about 26 m.p.h., and although the gradient 
inside it is favourable to this direction of 
running, “‘ No. 2105 ” slipped so persistently 
(with the usual accompaniment of thunderous 
rumbling in the cab) that the driver at last 
shut off steam altogether until we reached 
the open air again. A short spell with partly 
open regulator helped the acceleration over 
the first half mile, after which we drifted 
down the bank without steam. Here Driver 
Sharland thoughtfully examined the axle-box 
oil feed trimmings, which are contained in 
two large boxes mounted at waist height on 
the back plate of the boiler., Speed con- 
tinued to rise and as we swept round a 
“ blind ” bend at 70 m.p.h. it was comforting 
to realise that as we were not on the King’s 
highway there was no risk of finding our path 
blocked by vehicles racing up to-meet us. 

On the long rise to mile-post 133} the regu- 
lator was well open and cut-off maintained 
mostly at about 20 per cent. It was notable 








that in these circumstances a slight knock 


could be heard in a big end, and this tended 
to confirm Driver Willis’s opinion about the 
reaction of “ No. 21C5” to early cut-offs. 

A southerly wind caught us on exposed 
parts of the line and drove a gale acress th 
front of the tender. It was remarkable how 
frequently agricultural odours penetrated 
into the cab, but under grey skies after a 
morning of heavy rain the smell of new- 
mown hay was somewhat melancholy. 

A long slowing for track repairs near 
Sutton Bingham, cost us nearly two minutes, 
and we had exceeded the booked allowance 
by about that amount when we reached 
Templecombe. 

Contrary to his usual practice, Fireman 
Roke placed fourteen shovelfuls of coal on the 
fire whilst we stood in the station and followed 
this by a still heavier charge after we had 
got under way. Subsequent shorter spells 
averaging eight shovelfuls each enabled us 
to reach the summit at Semley with the 
steam gauge reading 240 lb. per square inch. 
After that, with 17 miles of favourable 
gradients to the end of the run, the fireman’s 
work was almost finished. With steam 
chest pressure at about 180lb. per square 
inch we reached a maximum of 70 m.p.h., 
but after a sharp reduction of speed for the 
curve at Wilton drifted gently down to 
Salisbury. 

We had suffered a.loss of about 4} min. 
between Exeter and Sidmouth Junction, but 
more than balanced it by a gain of 54 min. 
from Templecombe to Salisbury. 

Engines were changed at Salisbury and 
the newcomer was another ““ Merchant Navy” 
“No. 21010,” in the charge of Driver 
Alexander and Fireman Pett, of Nine Elms ; 
the load remained unchanged. The engine 
arrived with a moderately deep fire of Welsh 
coal, the water level high in the gauge 
glasses, and the boiler pressure at 270 lb. per 
square inch. Before we started, Fireman 
Pett loosened the rear part of the fire with 
the pricker and did not add coal until we had 
passed Tunnel Junction. His spells of firing, 
as measured by the number of scoops from 
the tender, were longer than those adopted 
by the other men with whom I travelled, but 
he took smaller amounts of coal on the shovel 
and plied it more rapidly. He paid special 
attention to the back corners of the fire-box, 
and his deft shots into more distant parts of 
the grate were a delight to watch. 

Driver Alexander favoured a partly opened 
regulator with a comparatively late cut-off. 
On the rise to Grateley the boiler pressure 
was maintained at not less than 240 Ib. per 
square inch, the steam chest pressure was 
about 160lb. per square inch, and the 
exhaust could be heard thinly chattering 
away inthe chimney. On the following down 
gradient there was a quick acceleration and 
we had topped 70 m.p.h. before the brakes 
were applied for the stop at Andover. 

The riding of “No. 21C10” was just as 
good as that of “No. 2105,” and I under- 
stood from the enginemen that in this 
respect there is nothing to choose between 
any of the ten engines in the class. 

From Andover to mile-post 624 the loco- 
motive was handled in the same way as on 
the rise to Porton, but was then somewhat 
eased, although the speed was over 60 m.p.h. 
as we passed Overton. At Oakley the boiler 
pressure had been allowed to fall to 190 Ib. 
per square inch with the water level halfway 
up the glass and the steam chest pressure was 
100 Ib. per square inch. At Worting Junction 
steam was shut off and we drifted along at 
about 68 m.p.h. until the regulator was 
reopened. at a point about half a mile beyond 
Basingstoke. Thence the engine was working 
easily, the speed remaining at 65 m.p.h. or 
so and the steam chest pressure down to as 
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little as 85 1b. per square inch until steam 
was shut off for the stop at Woking. 

Here Inspector Knight joined the engine 
and I left it to seek washing facilities in the 
train, as I was compelled to hurry away from 
Waterloo as soon as we arrived. 


Cost CoNSUMPTION 


On the gradient profile an indication 
is given of the rate of firing on the up and 
down journeys between Salisbury and Exeter. 
The difference between 390 shovelfuls on the 
down journey and 270 in the other direction 
appears at first sight to be large. It must be 
remembered, however, that between Honiton 
and Exeter the fire was being built up for the 
return journey ; if this had not been done, no 
coal need have been added to the fire on the 
final length and the total consumption would 
have been about 320 shovelfuls. 

In comparing 320 with 270 it has to be 
considered that the down journey was made 
at a higher average speed, and with a heavier 
load than the up journey, and the difference 
of 50 shovelfuls is about what one might 
expect. Any such comparison is only 
approximate, first, because a “ shovelful ” 
is a variable quantity, and secondly, because 
there can be a _ considerable difference 
between the amounts of fuel in the fire-box 
before and after the run with a grate area so 
large as 48-5 square feet. 


GENERAL COMMENTS 


The impression I gained from, these foot- 
plate experiences is that the locomotives of 


the “ Merchant Navy ” class can very easily 
handle the heaviest passenger trains at present 
running on the Southern Railway and could 
observe pre-war timings with them if 
required. In the words of the operating 
staff, ‘‘ They can do the work,” and that, 
from locomotive men who do not lightly 
accept innovations, is lavish praise. 

The power-operated fire-door is a great 
help in minimising the entry of air into the 
fire-box when the engine is working hard. 
Those I saw were in need of some slight 
adjustment, as they did not always work with 
absolute perfection. 

The problem of obstruction of the driver’s 
view by exhaust steam, successfully solved 
on earlier Southern locomotives by the fitting 
of vertical sheets alongside the smoke-box, 
has reappeared in the streamlined ‘‘ Merchant 
Navy ”’ class, and experiments are still being 
made to overcome it. A drastic solution 
would be to lead the exhaust into an enclosed 
duct extending along the top of the boiler 
and discharging to atmosphere behind the 
cab. Looking still further into the future, 
one may imagine a 2-6-4 locomotive norm- 
ally running bogie first behind a tender 
designed for safe propulsion at the highest 
speeds and for such clear vision that all 
signals can be seen from the driver’s side. 

In the meantime, however, the Southern 
Railway may be congratulated on possessing 
in the “ Merchant Navy” class a stud of 
locomotives that are equal to any task 
likely to be set to them for a long time 





ahead. 








American Impact Tests on Railway Bridges 





aa investigations as to the effects 
of impact in the stresses on railway 
bridges under traffic have been studied for 
the past few years by the Impact Com- 
mittee of the American Railway Engineering 
Association, and a recent report of tests 
made by the Pennsylvania Railroad on a 
deck girder plate girder bridge of 81ft. span 
has been published by the Committee in a 
1943 Bulletin of the Association. This report 
supplements previous reports on tests made 
by the same and other railways. 

When the four-track line of the Pennsyl- 
vania Railroad between New York and 
Washington, 230 miles, was converted to 
electric traction, it was desired to study the 
comparative impact effects exerted on bridges 
by steam and electric locomotives of approxi- 
mately equal weight, and operating at high 
speeds. Since there was little definite 
information as to the dynamic forces imposed 
by the electric locomotives, it was decided to 
make a series of tests on several bridges with 
both the electric and steam locomotives to 
be used on this particular line. The first 
tests were made on a four-track bridge with 
half-through girders. Following this, tests 
were made on a single-track plate-girder deck 
bridge having two spans of 56ft. and 122ft., 
and having a floor of the open type, in which 
the wood ties or sleepers are laid directly on 
the top flanges of the girders. The third set 
of tests, reviewed in the report above 
mentioned, was on a plate-girder bridge 
having a solid and ballasted floor, as shown 
in the accompanying drawing. 

This bridge was selected in order to deter- 
mine, first, the effect of the damping of the 
dynamic stresses due to the increased stiff- 
ness and the ballast; and secondly, the 
portion of the top flange stress that was 
carried by the concrete floor or deck. It isa 





single-track span of 81ft. between centres of | passe! 


bearings, with 8}ft. girders, 83ft. long overall, 
spaced 7ft. apart, and having the usual lateral 
bracing of cross struts and diagonals. Upon 
the top flanges of the girders rests a 13in. 
concrete slab, which was poured in place and 
has low side walls to retain the stone ballast, 
which is 9in. deep under the wood ties. The 
width over the side walls is 16ft., including a 
wall 9in. thick on one side, and a 3ft. flange 
on the other side to form a walk for the track- 
men. The bottom of the slab embraces the 
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SECTION THROUGH PLATE GIRDER BRIDGE 


top flanges of the girders, so that it appears 
the concrete floor was well bonded to the 
steel and that the entire section acted as a 
composite beam. 

Locomotives of five types were used in the 
impact tests: (A) electric, 4-6-4, 200 tons ; 
(B) electric, 4-6-6-4, 230 tons; (C) steam 
express passenger engine, 4-6-2, 157 tons ; 
(D) similar engine of 168 tons; (EK) steam 
freight engine, 4-8-2, 200 tons. These 
weights are exclusive of the tenders. The 
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test runs were made by the engines and 
tenders, but with no carriages or traing 
attached. 

Stresses and vertical deflections were 
measured in each girder under these five 
locomotives at speeds ranging from 5 m.p.h., 
which may be considered as static loading, 
to a maximum of 110 m.p.h. for the electric 
locomotives, 99 m.p.h. for the steam 
passenger locomotives, and 76 m.p.h. for the 
steam freight locomotive, Electro-magnetic 
strain gauges were used for measuring the 
strains. Besides comparison of the results 
recorded, comparison was made with the 
impact regulations embodied in the standard 
specifications of the American Railway Engi- 
neering Association for steel bridges. 

In these specifications it is provided that 
to the maximum computed static live load 
stresses there shall be added the impact, 
consisting of the rolling effect and the direct 
vertical effect. The rolling effect is due to 
the rolling of the live load from side to side, 
and is taken as increasing the static live load 
on one rail by 20 per cent., with an equal 
decrease on the other rail. The direct vertical 
effect with steam locomotives includes the 
hammer blow, irregularities of track, and car- 
riage impact. The percentage of static live 
load to ‘be added for spans less than 100ft. 
is taken as 100 minus 0-60 of length L. For 
longer spans it is computed from the formula 
A below. With electric locomotives this 
vertical effect covers only track irregularities 
and carriage impact, and the percentage of 
static live load to be added is computed by 
the formula B. 

A 1800 B 360 
a qt10 L +12°5 

In general, on this 81ft. span with solid 
floor there was an increase in impact effect 
with an increase in speed, but this increase 
was moderate, except for one of the steam 
nger locomotives. In the accompanying 
table the total impact values given are 
averages of five of the maximum impact 
effects for each locomotive. For comparison 
with the two series of previous tests on open- 
floor plate-girder bridges, the impact effects 
found on these spans are given in the table, 
together with the impact values specified by 
the design specifications and rating rules 
of the American Railway Engineering 
Association. 

In studying the magnitude of the indi- 
vidual effects which make up the total live 
load plus impact effect, it was found that the 
practically static stresses recorded under 
locomotives crossing the bridge at only 
5 m.p.h. were considerably below the calcu- 
lated static stresses based upon the assump- 
tion that the concrete deck was not carrying 
any of the stress. But assuming that this 
deck was acting with the steel as a composite 
beam, the recorded stresses were only slightly 
lower than the calculated stresses. e ratio 
of recorded stresses to calculated stresses 
ranged from 0-72 to 0-75 when considering 
the steel structure only, and from 0-88 to 
0-95 when the steel and concrete are con- 
sidered as acting integrally. 

The recorded measurements show that 
vibrations were induced by the electric loco- 
motives, even though there were no periodic 
disturbing forces such as are set up by 
unbalanced wheels, This impact effect, 
termed “track effect,” is considered due 
mainly to irregularities in track surface or 
wheel treads, or to other conditions of track 
and locomotive that would tend to produce 
® vertical vibration in the springborne weight 
of the locomotive or in the girders. In the 
combined track and hammer-blow effect for 
the steam locomotives the measured values 





were well below the calculated values, but 
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the latter are based upon the damping factors 
in open-floor bridges, while in the solid floor 
ballasted bridge its increased stiffness and 
higher frequency gave greater damping 
qualities. A “speed effect,’ or increase in 
stress due to speed, was found throughout 
the tests, distinct from the vibrations deve- 
loped by the moving loads. For this bridge 
it was quite as small, the maximum being 
from 5 to 6 per cent. 

An increase in stress in the steel under one 
rail and a corresponding decrease under the 
other rail, as usually shown by the stress 
measurements, is the “ roll effect ” caused. by 
the oscillation of the springborne weight of 
the locomotive about a longitudinal axis. 
The recorded values were well below the pro- 
visions of the design and rating rules of the 
American Railway Engineering Association. 
That the concrete floor or deck was acting as 
part of the upper flanges of the girders was 
indicated by the fact that the measured and 
calculated stresses in the upper flanges 
averaged only 30 per cent. of those in the 
lower flanges. From a comparison of the 
stresses in the upper and lower flanges it 
appears that the neutral axis of the section 
is not at the centre of the girder web, but is 
quite close to the upper flange. In order for 
the concrete deck to act as a part of the upper 
flange the concrete and steel must develop a 
bond. stress of 64]b. per square inch for the 
heaviest locomotive, which is not an excessive 
figure. In addition to this bond between 
concrete and steel, the rivet heads in the 
girders are capable of developing mechanical 
anchorage. 

Conclusions based upon these tests and 
their results may be summarised as follows :— 
First, the poured-in-place concrete deck was 
well bonded to the steel and the entire 
section acted as a composite beam ; secondly, 
the recorded static stresses were only about 
75 per cent. of the calculated live load stresses 
based upon concentrated, wheel loads and the 
steel section only, but the recorded static live 
load stresses were about 91 per cent. of the 
calculated stresses based upon the concen- 
trated wheel loads and taking the combined 
steel and concrete section, while they were 
about 95 per cent. of the calculated stresses 
when the rail was considered as acting as a 
continuous beam on an elastic support. 

As a third conclusion, the track effect 
stresses for the electric locomotives, with 
track in normally good condition, were some- 
what greater than those provided for in the 
rating rules of the A.R.E.A. (or American 
Railway Engineering Association). There 
was an exception to this, however, at the 
high speeds. Fourthly, the combined track 
and hammer-blow effects were appreciably 
lower than the hammer-blow effects provided 
for in the above rules. Fifthly, the increase 
in stress due to speed was very small in this 
bridge and seemed to bear no relation to 
speed. On the other hand, larger speed 
effects have been found in _ previous 
tests on other bridges. Sixthly, the stresses 
due to roll in this bridge were appreciably 
lower than those provided for in either the 
design specifications or the rating rules of the 
A.R.E.A. Seventhly, the total impact per- 
centages based upon the recorded static live 
load stresses were appreciably lower than 
those provided for in the above specifications 
and rating rules. 

Eighthly, basing the computations on the 
stgel section only, it appears that the recorded 
maximum stresses were appreciably lower 
than the live load plus impact stresses 
as calculated by either the design specifica- 
tions or rating rules of the A.R.E.A. Further- 
more, the recorded maximum stresses were 


the amount of damping in this bridge was 
greater than it would be in an open-degk 
span of equal length, and that this increase 
is due in part to the cushioning effect of the 
ballast and the higher natural frequency of 
the span resulting from the condition of the 
concrete and steel acting as a composite 
beam. Tenthly, it can be assumed with 
safety that if the bond between the concrete 
floor and the steel structure is sufficient to 
make the two parts act together, the static 
live load stresses will be considerably smaller 
than those in a similar steel span having an 
open deck ;- also that, due to the increased 
damping, the amount of impact will be 
reduced materially. 

The rating rules mentioned in the above 
conclusions are those for determining the 
rating or classification of existing bridges as 
based upon the heaviest moving load which 
may be operated over the bridge in regular 
service for a limited time, without sub- 
jecting it to such severe stresses, vibration, 
or wear of parts as to impair seriously its 
safety or serviceability. This carrying 
capacity is to be determined by the com- 
putation of stresses based on authentic 
records of the design, materials, workman- 
ship, and physical condition of the bridge, 
including data obtained by inspection and 
also by tests if the records are not complete. 


Impact Stresses in Railway Bridges 











Recorded A.R.E.A. 
impact. impact. 
Locomotives. Speed, 
ave. | Ave. | Max. | De- | Rat- 
sign, | ing. 
Ballasted deck 
bridge, 8lft. 
span : ’ 
Electric, 4-6-4 ...| 86 14 15 31 24 
Electric, 4-6-6-4...| 82 14 15 31 21 
Steam, 4-6-2 -| 88 39 42 66 61 
Steam, 4-6-2 | 83 21 22 66 55 
Steam, 4-8-2 io ie 21 25 66 59 
Open-deck bridge, 
56ft. span : 
Electric, 4-6-4 ...| 80 49 55 39 42 
Electric, 4~6—6-4...| 90 39 46 39 32 
Steam, 4-6-2 ee Gee 59 68 88 67 
Steam, 4—-8~2 on GF 35 42 88 63 
Open-deck bridge, 
122ft. span : 
Electric, 4-6-4 ...| 87 26 27 28 24 
Electric, 4-6-6-4...| 98 18 20 28 22 
Steam, 4-6-2 | 86 29 30 45 52 
Steam, 4-8-2 «| 70 28 32 45 47 
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British Standards Institution 


All British Standard Specifications can be obtained from 
the Publications Department of the Institution at 28, 
Victoria Street, London, S.W.1, The price of each speciji- 
cation is 2s. 3d. post free, unless otherwise stated. 








GILDING METAL STRIP 


No. STA 19. This is a further specification in the 
seriés relating to non-ferrous metals, which is being 
issued by the B.S.I. for the Ministry of Supply in 
order to co-ordinate the requirements of various 
Departments of the Ministry and also those of the 
Admiralty. The specification covers gilding metal 
strip used for bullet envelopes and includes require- 
ments for the chemical composition which is set 
out in detail, and tolerances on the dimensions of 
the strip. Two hardness ranges of material are 
covered and separate bend test requirements are 
specified for each range. Requirements for grain 
size are also specified. Price 6d. 


a 


GLOSSARY OF TERMS USED IN ELECTRICAL 
ENGINEERING 


No. 205, part 8. This publication forms Part 8 
of the revised edition of B.S. 205, Glossary of Terms 
Used in Electrical Engineering. It is the concluding 
part. of this glossary and contains an entirely new 
and fully cross-referenced alphabetical index to 
Parts 1 to 7 already published. The subjects covered 
by the whole series include General Terms (Part 1), 
Machines and Transformers (Part 2), Switchgear 
and Instruments (Part 3), Transmission and Distri- 
bution (Part 4), Electrochemistry and Traction 
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Lightning Phenomena, Electric Lifts, Electric Weld- 
ing, X-rays, Electromedical Terms.and various 
(Part 7), Considerable. alterations and additions 
have been made by the Committees charged with 
the revision, to keep pace with modern develop- 
ments. Terms relating to telegraphy, telephony, 
radi ication, direction finding, and fire 
alarm, which were dealt with in certain sections of 
the 1936 edition, are not included in the new 
edition of B.S. 205, but will form the subject of a 
much enlarged edition of B.S. 204, to be issued 
shortly under the title of ‘‘ Glossary of Terms Used 
in Telecommunication.” Price 2s. each net. 














BRONZE OIL-RETAINING BEARINGS 


No. 1131. This War Emergency British Standard 
for the dimensions of bronze oil-retaining bearings 
has been prepared in collaboration with the Ministry 
of Supply and the three manufacturers of this type 
of bearing. Its primary object is to bring about a 
modification in the variety of types and sizes of 
bearings, and so to facilitate more rapid and 
economical production by concentrating the supply 
and demand on a simplifed range of standard sizes. 
It relates to cylindrical bearings of nominal bores 
from jin. to 2}in., and of various alternative 
standard lengths. Further specifications are to be 
issued later for flanged bearings and thrust washers. 





SPOT WELDING FOR LIGHT ASSEMBLIES 
IN MILD STEEL 

No. 1140. This specification relates to the appli- 
cation of spot welding to the fabrication of mild 
steel assemblies comprising two or more thick- 
nesses of metal. The various applications have been 
classified under -two broad headings, determined 
by the relation between the mechanical strength of 
the structure and individual welds; the essential 
features of the types of welding machine for these 
two classifications are laid down. The specification 
defines the chemical composition for the parent 
metal and includes recommendations as to suit- 
able steels. Price 2s. post free. 





GALVANISED STEEL WIRE STRAND FOR 
SIGNALLING PURPOSES 

No. 163, Part 1—1943. The first edition of B.S. 
163 was issued in 1924 and unsatisfactory service 
led to a revision in 1936. This edition increased the 
elongation of the wire, but failures in service were 
not diminished, and, after review of all the available 
evidence, further revision was undertaken and has 
resulted in the publication of the present 1943 
edition. The revision now published differs from its 
predecessors in that maximum elongation of reduced 
amount has been substituted for minimum elonga- 
tion to ensure a high limit of proportionality to the 
wire and reverse bending is substituted for the 
prévious torsion test. The four tensile ranges of 
25/30, 40/50, 60/70, and 80/90 tons per square inch 
in the 1936 edition have now been reduced to three 
tensile ranges 50/60, 60/70, and 70/80 tons per 
square inch. Other changes are the stipulation of 
Maximum sulphur and phosphorus in the steel and 
the provision that each wire shall be tested by the 
manufacturer as to tensile, reverse bending, and 
wrapping before stranding. The actual construction 
of the strand has been modified to ensure that the 
central wire shall be 0-003in. to 0-005in. larger 
than the six cover wires to ensure equal distribution 
of the load among all the seven wires when stressed 
in service and to provide definite, but restricted, 
flexibility to lessen any tendency to kink. Strand 
to the revised requirements has been tried out under 
service conditions for a reasonable period with, so 
far as is known, satisfactory results. Price 2s. net. 





COLD TWISTED STEEL BARS FOR CONCRETE 
REINFORCEMENT 


No. 1144. This specification is intended to fill a 
gap in the standardisation of materials for reinforc- 
ing concrete. Hitherto, reinforcement in the form 
of mild steel, high-tensile steel, and hard-drawn 
steel wire, and expanded metal were the only 
materials covered, the appropriate specification 
being respectively Nos. 785 and 405. There was 
accordingly a need for a specification for mild 
steel bars which have had their yield stress raised 
by cold twisting. The new specification provides 
for both single-twisted and twin-twisted steel bars, 
and the mechanical properties are laid down. - Price 


2s. post free. 
TUBULAR STEEL SCAFFOLDING 


War Emergency No. 1139. Two sizes of tubes 
for scaffolding purposés, a nominal 2in. diameter 
and nominal lin. diameter tube, are covered in this 
specification. Details are given of the requirements 
with which the tubes. should comply, both as 
regards their dimensions and mechanical pro- 
perties. Tests are also included for the right- 








generally lower than the calculated stativ 
live “tof stresses. Ninthly, it is evident that 


(Part 5), Lighting and Heating (Part 6), Surge and! 


angled couplers to be used with these tubes. Price 
2s. each. 
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THE ENGINEER AS EMPIRE BUILDER 


To-Day we conclude, for the time being at 
any rate, the long series on “ Engineers and 
the British Empire.” The articles were 
written at our request by Professor Middleton 
Smith, for a purpose which may have been 
almost hidden at times under the volume of 
material. Everyone who has given any 
study to the growth of the British Empire 
must have observed that it was acquired, for 
the greater part, in a casual manner, in “a 
fit of absent-mindedness,” as it has been said. 
Military conquest has had far less to do with 
its acquisition than peaceful penetration, 
and its growth is due in an immeasurable 
degree to the work of engineers. That aspect 
is too often overlooked, and it was the 
purpose of our series to bring it into proper 


perspective. The historian is, unfortunately, 
all too rarely interested in technical works and 
technical progress. He concerns himself 
principally with diplomatic and military 
events and occasionally with the broader 
questions of commerce, as, for example, 
tariffs, cartels, and international trading 
agreements. But he nearly always overlooks 
the fact that unless the physical character- 
istics of new countries can be developed, 
growth and progress will not take place. 
Thus it may be justly claimed that the engi- 
neer is the greatest pioneer ofempires. With- 
out his works backward lands wouldremain for 
ever backward. Their natural resources would 
be unused for the benefit of mankind, they 
would be subject to famine and disease, they 
would be split, from lack of means of com- 
munication, into diverse, ineffective, and 
warring communities, and would rentain for 
ever isolated from the world and useless to it. 
It is the engineer who changes all that. He 
builds harbours and airports to connect the 
new lands with the old, he constructs roads 
and railways for internal and coastwise 
communication, he controls rivers and cuts 
canals, he drains marshes to improve health 
and encourage agriculture, and erects dams 
for the generation of water power. He delves 
deep into the virgin earth for minerals, and 
turns to profitable purposes the natural 
surface products. Furthermore, hesends out to 
the new lands machines from his factories, so 
that their indigenous resources may be 
developed, and in timehe helps them to build 
up their own industries and to become con- 
tributories to the means through which and 
by which the lot of man is advanced. With- 
out the aid of engineers all the work of states- 
men and diplomatists, of armies and navies, 
would be a tinkling of cymbals—a thing of 
no account. The great adventurers may 
strike their flagstaffs into newly discovered 
territories and claim them for their own 
Crowns, but little or nothing will come of it 
till the engineers have followed the flag and 
have set about the great works which it is 
their destiny to perform. This fact, we say, 
is too often forgotten. Our histories tell us 
how this nation and that has acquired new 
domains, what wars have been fought for 
them, what subtleties of policy ‘and diplo- 
macy have been expended on them, what 
great speeches have been made about them, 
and what great books have been written 
around them. But very rarely does the 
historian condescend to notice that, lacking 
the brains, enterprise, and skill of engineers, 
their histories would begin and end in fruitless 
victories. 
All this we have endeavoured to show in 
our series. We have taken the British Empire 
as, so to speak, an example. Professor 
Middleton Smith has set before us, with 
heartbreaking condensation at times, the 
works of the engineer in Canada, Australia, 
New Zealand, and South Africa and, 
summarily, in the Colonies. He has shown 
how the development of those countries 
has grown under the hands of the engineer 
and how, as they have grown, they have 
demanded ever more and more from him. 
Those who can read into his articles more 
than the mere dry facts will see in them a 
glorious history ; a history far more glorious 
than those of armed conquerors; for the 
purpose of the engineer is ever to improve 








the lot of men and to ensure their happiness. 





He does not desire to overmaster and dominate 
them ; he is no overlord, but a wise counsellor 
and doer of good, helping others to raiso 
themselves and to move ever upwards into 
higher strata of culture, health, materia] 
comforts, and contentment. Of all empires 
that the world has ever known, we think it 
may be justly claimed that the British 
Empire has moved towards this high object 
with more toleration, with more considera- 
tion for other peoples, and with a greater 
willingness to loosen the bonds of contro] 
than any other, and that at all times and in 
all places it has sought to direct the works 
of engineers for the benefit of the original 
inhabitants as much as for its own advantage. 
Our record leaves much unsaid, many parts 
of the Empire still untouched. But neverthe- 
less we hope it has shown that the true 
builder of empires is the engineer. 


The Education Bill 


THE new Education Bill is one of the first 
fruits of that planning for the post-war world 
to which so much thought has been given in 
many and diversified fields during the last 
twelve months. It had long been known that 
the Board of Education had such a measure 
under consideration and many of our major 
and minor institutions had given the matter 
attention and expressed opinions upon it. 
With the publication, some months ago, of a 
White Paper on Education, those interested 
were able to see upon what lines the Board 
was working, whilst the Board itself was able 
to judge from the reactions to the White 
Paper what modifications would be necessary 
in its plans if substantial agreement was to be 
reached. It may now~be confidently pre- 
dicted that, subject to modification in detail 
as a result of parliamentary discussion, the 
Bill will duly become law early in the New 
Year. 

We do not intend to refer at length to the 
Bill’s provisions. The greater number of 
them are in any case not directly of interest 
to engineers. As was foreshadowed by the 
White Paper, the school-leaving age is to be 
raised to fifteen and later to sixteen. In 
addition—an advance of at least equal 
importance—education is to be continued on 
a compulsory part-time basis up to the age of 
eighteen. Young people up to that age are 
to attend Young People’s Colleges for a 
minimum of one whole day or two half-days 
per week. The Bill further lays it down that 
adequate and properly co-ordinated facilities 
for technical and adult education shall be 
provided and for the furtherance of that 


present system of local educational adminis- 
tration to meet the new requirements that 
will be thrown upon it. It is a matter of con- 
siderable gratification to engineers that the 
Board has yielded to the vigorous criticism 
that was directed against the financial pro- 
visions of the White Paper. The Bill accords 
substantially increased allocations of expendi- 
ture to technical education and notably 
accelerates the tempo at which it is intended 
the improvements shall be carried out. 
Though those concerned with technical 
education would no doubt have preferred a 
separate advisory body, the two Central 
Advisory Councils, one for England and one 
for Wales, which are to be established to 
advise the Minister on educational theory 








and practice will be welcomed, provided that 





intention provides for the adjustment of the _ 
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technical education is adequately repre- 
sented upon them, the more so that the activi- 
ties of those bodies are not to be limited only 
to matters referred to them. Taken all in all, 
though there are provisions in the Bill which 
can be subjected to criticism— Young People’s 
Colleges, for instance, appear to be assigned 
the difficult task of giving sufficient vocational 
or technical instruction to distinguish them 
from existing schools without at the same 
time providing so much as to come into 
conflict with the technical colleges—the Bill 
undoubtedly marks a very significant 
advance. , 

But the Bill by itself, when it has become 
law, will not bring about the desired change. 
It will have provided only a foundation on 
which a more satisfactory educational system 
can be built up. Local authorities will have 
the duty of providing the desired adequate 
facilities for extended technical and voca- 
tional training, and they, are bound under the 
Bill to consult with universities and other 
educational associations in their areas and 
with neighbouring authorities in drawing up 
satisfactory schemes for submission to the 
Minister. The success of any local scheme will 
thus depend to a very considerable extent 
upon the attention given to it by local 
educational bodies. The Bill provides the 
bones ; local educationalists must see that 
they are clothed with satisfactory flesh. If 
that work is faithfully done, as we have 
every reason to suppose it will be done, this 
country, though more dependent than ever, 
as a debtor nation, upon its ability to 
export, should be provided for many years 
to come with an educational system fully 
consonant with its urgent need to produce 
engineering executives and craftsmen of a 
quality comparable with those of any other 
nation. 








Letters to the Editor 


(We do not hold ourselves responsible for the opinions of 
our correspondents) 


AMALGAMATION OR CO-ORDINATION 
AND FEDERATION 


Sir,—It is always a pleasure to correspond 
with one who allows that there is another side 
than his own, and the pleasure is enhanced 
when that one is willing to ‘march part of the 
way of the other. 

I think that Mr. Athoe will agree with me 
that, in attempting to lay down a principle, it 
must be one that allows no exception. I there- 
fore must include all multiple bodies as subjects 
for fusion. So I should amalgamate not only 
architects, but also accountants, medical 
societies, land professions, and any other. 

Not only is there the technical aspect to con- 
sider, but also the economic. Multiple associa- 
tions are wasteful in buildings, in staffs, and in 
minor adjuncts. They involve different titles 
with different initials, confusing the potential 
employer. 

If bodies are multiple, then a spirit of rivalry 
is engendered, which leads to friction and 
undignified publicity. It is well known that a 
chartered man thinks himself of higher rank 
than an incorporated one. All this is wrong. 
Sooner or later all cognate bodies will be fused 
and put on the same plane. The logical result 
of registration is fusion. 

We have allowed these multiple bodies to 
arise without investigation or regulation of their 
origin. In the public interest, as well as their 








own, we must now fuse them and some duly 
constituted authority must control future 
formations. To rectify the present position we 
must proceed as the architects and dentists have 
done. We must put all practitioners who can 
show practical qualifications on the register and 
then close the doors except by examination. 

There are extensive contacts between pro- 
fessional bodies which only those who have 
carried out some investigation know. Such are 
the relations between surveyors and lawyers, 
between barristers and solicitors, between 
doctors and nurses, 

To systematise inter-professional relations I 
see no better body than a federation of all pro- 
fessions. The stimulus that was needed to 
create trade unions, namely, better wages 
(inter alia), is wanting in the case of professional 
men. There are no employers’ associations to 
keep down charges in their case. The principles 
that have lain dormant in the pre-war world 
are now coming to the surface. They demand 
the substitution of order for chaos. They point 
to self-reformation. If this is not quickly forth- 
coming governments will intervene. Such is 
clearly the intention of the leaders of the New 
Order in world affairs. 

A. W. CramprTon. 

London, N.W.6, 

December 24th. 





ROCKET ATTACK 


Sir,—In your leading article ‘‘ Rocket 
Attack,” which appeared in your issue of 
December 17th, it is stated that our aeroplane 
losses in attacks on Germany amount to about 
5 per cent., whereas the losses on rockets would 
be 100 per cent.; but surely this is too favour- 
able a comparison. 

If one regards a bomber as a projectile which 
returns “‘ to store,”’ and assuming that its weight 
is in the neighbourhood of 10 tons net, and that 
it carries 24 tons of bombs and 2} tons of petrol, 
it starts off loaded at 15 tons. This means 
334 per cent. loss of material projected and to 
this must be added 5 per cent. for total loss 
of aeroplanes, making, say, 38 per cent., com- 
pared with 100 per cent. loss of rockets. 

Am I right, or am I ? 

Constant READER. 

London, December 28th. 
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An Oil Engine Symposium 





SHortity before the end of the year the 
Diesel Engine Users Association arranged an 
interesting symposium on post-war problems 
connected with the future manufacture and 
marketing of British-built oil engines. The 
meeting took place at Caxton House and the 
chair was taken by the President, Mr. A. K. 
Bruce, who was congratulated on his recovery 
from a serious illness. Mr. C. Pain dealt with 
the stationary type of oil engine from the point 
of view of the user, and called attention to the 
rivalry between two-stroke and four-stroke 
types and the competition between the oil 
engine and the gas engine. He also dealt with 
the design of parts, improved materials, lubri- 
cating oil consumption, and silencing. Mr. A. C. 
Yeates, of Crosgsley-Premier Engines, Ltd., said 
that during the last ten years the four-stroke 
engine had been developed along two lines, 
namely, higher speed and pressure charging. 
Pressure charging had also been applied to two- 
stroke engines. He thought that gas engines 
would be probably even more important after 
the war, as home-produced fuels would in many 
instances have to be used. He said that, 
whereas the oil engine depended on imported 
commodities, to the extent of 70 per cent. of the 
cost of the unit generated, the gas engine only 
depended on those commodities to the extent 
of 5 per cent. or less. The higher cost of fuel oil 
had made the gas engine economically advan- 
tageous under present conditions. Air-cooled 





pistons had, he reported, proved very successful. 
The case for the marine engine was well put by 
Mr. W.S. Burn, and Mr. J. Calderwood, of Sulzer 
Bros. (London), Ltd., replied. The importance 
of the trunk-piston type of engine working on 
the two-stroke principle was emphasised, and 
suggestions for new sizes were put forward. The 
development of oil engines for railway work was 
spoken of by Mr. T. Hornbuckle, who gave some 
interesting facts concerning railway require- 
ments. Mr. L. N. Short replied and paid a 
tribute to the successful operation of British- 
built engines on railways abroad. A beginning 
was made with the discussion, and the Hon. 
Secretary, Mr. Julian Tritton, who recently 
returned from America, gave some account of 
the servicing of oil engine locomotives in the 
United States. The discussion was adjourned 
until some time in the New Year, and the date 
of the meeting wlil be announced. 





American Electric-Furnace 
Steel 


AttTHoucH the annual output of electric 
furnaces in the United States has been increased 
by some 2,000,000 tons of ingots since 1940, 
there is still a shortage of “ electrical” con- 
structional steel. Much production has been 
diverted from basic electric to basic open- 
hearth furnaces, so that the former are now pro- 
ducing mainly high-grade steels for aircraft, 
guns, and tools. But the basic electric has 
advantages in rapid production, cleaner and 
more uniform output, maintenance of closer 
analysis limits, and high-grade steel produced 
from poorer quality of raw materials. Further- 
more, such valuable oxidised elements as 
chromium, vanadium, manganese, and tung- 
sten can be recovered with much less loss than 
in open-hearth practice. It appears that the 
electric furnace is not yet used to full advantage 
as @ refining medium, for which it is ideal. 
With a modern cupola for melting scrap into 
hot iron which is charged with the ore to oxidise 
the carbon and phosphorus, this hot iron con- 
tains about 3-5 per'cent. carbon and 0-125 per 
cent. phosphorus. Using 60-ton charges, high- 
grade steel may be produced at the rate of 
20 tons per hour. The largest electric furnace 
plant now in operation is designed to produce 
80-ton heats of aircraft steel from the molten 
product of a 200-ton tilting, open-hearth 
furnace. Another plant is using a combination 
of 130-ton cupolas, 12-ton converters, and 40-ton 
electric furnaces. There are three fundamentals 
in melting in the basic electric furnace. First, 
the combination of high degree of oxidation in 
addition to high lime in the slag and low tem- 
perature permits the elimination of phosphorus 
as calcium phosphate ; secondly, after removal 
of the first slag, a second high-lime and low- 
silicon slag of low oxidising power, combined 
with high temperature, promotes low sulphur 
and equilibrium in the metal. The importance 
of this second slag is its high basicity and low 
oxidising power, @ combination which permits 
of making steel under conditions where equili- 
brium is obtained with a minimum of products 
of oxidisation. Thirdly, with high temperature 
and an active bath, there is assurance of clean 
steel, while a dead-metal inactive bath of 
relatively low temperature gives steel high in 
inclusions and generally low quality. 








SLuDGE-Dryinc DEVELOPMENT aT CHICAGO.— 
The American Society of Civil Engineers has 
published a report on the capacity and operating 
experience of the South-West Treatment Works 
in the Sanitary District of Chicago. The South- 
West works serves an area of 82 square miles along 
the lower west and south sides of Chicago, and plant - 
equipment includes a pump and blower house, pre- 

imi settling tanks, sludge concentration tanks, 
and a combined sludge handling and steam generat- 
ing plant. The prime movers, all driven by steam 
turbines, consist of four sewage pumps, three blowers 
and two electric generators. The plant effluent is 
used as condensing water in the surface condensers 
of the turbines. There are twelve preliminary 
settling tanks, and the detention period is thirty-four 
minutes at 400 million gallons daily. 
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The Electron Microscope and _ its 
Application to Engineering Problems 


By A. G. QUARRELL 


No. Il—(Continued from 


_— HARDENING phenomena would 
appear to offer plenty of scope for the 
electron microscope, and Zworykin® has 
published photographs showing (1) precipita- 
tion of manganese in a fine-grained, rolled 
magnesium-manganese alloy, (2) lamellar pre- 
cipitation in a magnesium-aluminium alloy, 
and (3) precipitation of beryllium along the 
lattice planes of an aged beryllium-copper 
alloy. 

In spite of the valuable results so far 
obtained by the replica method, even the 
most ardent advocate of the electron micro- 
scope must admit that it would be preferable 
to examine metallic surfaces directly, and 
many attempts have been made. In the 
metallographic light microscope the opacity 
of the specimen is overcome by using either 
normal or oblique illumination. Attempts 
to use similar methods of illumination with 
electrons have failed, largely because the 
magnetic lens is only capable of focusing one 
wavelength, i.e., electrons of one velocity; 
at a time. After reflection at a metallic 
surface, electrons which were previously 
homogeneous lose varying amounts of energy, 
and the resulting beam is polychromatic, 
leading to pronounced chromatic aberration 
in the image. Such chromatic aberration is 
ingeniously overcome in a scanning method 
suggested by v. Ardenne®, in which the final 
image is not produced by magnetic lenses. 
In the electron scanning microscope a com- 
bination of magnetic lenses is used to concen- 
trate an electron beam into a fine probe, 
10 cm. diameter, and this is used to explore 
the specimen systematically. Wherever the 
electron probe impinges on the specimen 
surface secondary electrons are produced, 
whose number is a function of the condition 
of the surface at that point and may be 
regarded as a measure of the “ brightness ” 
of the surface. The secondary electrons are 
accelerated towards a fluorescent screen, 
where they generate a light signal which is 
used to activate the photo cathode of an 
electron multiplier. After suitable amplifica- 
tion the resulting current is used to operate 
the printer bar of a facsimile receiver which 
is synchronised with the electron probe 
scanning the specimen. In this manner a 
picture of the specimen surface is printed in 
about eight minutes. Micrographs so far 
obtained with this device show a resolution 
of 5x10-*cm., but whereas with the 
orthodox electron microscope the photo- 
graphic image may be further enlarged with 
advantage, this is not true of the picture 
produced by the scanning microscope, because 
the individual scanning lines can just be 
seen in the original. A picture of lightly 
annealed brass obtained by Zworykin, using 
@ scanning microscope, is shown in Fig. 6. 

A somewhat similar idea was put forward 
by Knoll and Theile.” In their method the 
object was mounted on a metal plate in a 
high-vacuum tube, the plate being connected 
to the control grid of a cathode ray oscillo- 
graph, whose deflector plates were coupled 
to the electron scanning arrangement so 
that scanning and recording beams were 
synchronised. The emission of secondary 
electrons from the object governed the 
intensity of the electron spot on the fluorescent 
screen of the oscillograph, and the structure 
of the object was reproduced in the image 
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because of the differences in secondary 
emission between different parts of the 
surface. 

The electron scan microscope has. the 
advantage that it can be applied equally well 
to massive specimens as to thin films, and it 
might even be possible to examine objects 
in free air by scanning through a Lenard 
window. On the other hand, it would seem 
that the attainable resolution is always likely 
to be less than with the standard electron 
microscope, though sufficient to enable it 
to perform much useful work. 

In addition to the microscopes so far dis- 
cussed, there exist a number of instruments 
in which electrons are used to obtain an 
enlarged image. In some of these, high 
magnifications of very special objects may 
be obtained, whilst in others the magnifica- 
tion is not large, but the use of electrons 





FiG. 6—ELECTRON MICROGRAPH OF 
ANNEALED BRASS 


instead of light greatly facilitates observa- 
tions. L. C. Martin™ has suggested _ that 
these miscellaneous electron-optical arrange- 
ments shall be classified as cathode micro- 
scopes, simple electron microscopes, and field 
emission microscopes. According to this 
classification the name cathode microscope 
is applied to any apparatus in which the 
cathode is the object and in which the image 
of this surface is formed on the screen by an 
electrostatic or electro-magnetic lens system. 
The magnifications attainable with micro- 
scopes of this type are, generally speaking, 
much smaller than in the case of the high- 
resolution instrument, but much valuable 
work has already been carried out with their 
aid, particularly on the cathodes employ 
in thermionic valves. : 
Cathode microscopes have been chiefly 
used in industrial laboratories where facilities 
are available for making cathode ray tubes, 
and the design usually adopted has been 
clearly influenced by this fact. The apparatus 
is frequently of all-glass construction and is 


specimen can be examined. In some cases 
only magnetic lenses are used, but the fact 
that the object is self-illuminating and that 
an accelerating field must be provided for the 
emitted electrons enables some form of elec. 
trostatic lens to be used with advantage. 
The simplest form of electrostatic lens con- 
sists of a small hole in a conducting electrode 
which is itself too thick for the transmission 
of electrons. The electric field before and 
after the pinhole is different and the change 
in field may be regarded as taking place 
in the hole. The electric fields are axially 
symmetrical and the pinhole will therefore 
act as an electron lens. Although the single 
pinhole lens is little used, the double pinhole 
lens forms an immersion objective, which is 
useful for giving an enlarged image of a hot 
cathode at magnifications up to 200 
diameters. The first pinhole is placed near 
the cathode and is maintained at a slight 
negative potential with respect to it, whilst 
the second pinhole is at a high positive 
potential and acts as the anode. So that the 
electron emission of the cathode shall not 
be restricted, the anode is placed very close 
to the first pinhole or grid and the hole in the 

id is generally larger than that in the anode. 
The focal length of the immersion objective 
can be varied by chafiging the ratio between 
grid and anode voltages, and has a minimum 
value of about 1-5 times the diameter of the 
hole in the grid. 

The resolving power of the electrostatic 
immersion objective is determined by the 
wavelength to be associated with the electrons 
emitted from the cathode. For example, 
electrons leave an oxide-coated cathode with 
initial velocities corresponding to about 
0-1 volt and the corresponding de Broglie 
wavelength is of the order of 39 Angstrém 
units. Diffraction effects set a final limit to 
the resolving power available in any system, 
and the distance of separation d of two 
object points which can just be resolved in 
the image with a wavelength A is given by 


d=0-61 A/N.A., 


where N.A. is the numerical aperture of the 
lens. In the light microscope it is possible 
to obtain numerical apertures as large as 1-5, 
but in electron optical systems it is necessary 
to use much smaller values in order to keep 
lens aberrations to. a minimum. In electro- 
static lenses the numerical aperture may be 
as small as 0-001, which would give d=2-4 
x 10-* mm. for a wavelength of 39 Angstrém 
units. In other words, the resolving power 
would be approximately one-tenth that of the 
light microscope. 

In cathode microscopes employing only 
electrostatic lenses the immersion objective 
may be followed by a symmetrical lens. 
This contains three elements, the outer ones 
being at the same potential, which is generally 
less than that of the central electrode. The 
object and image are therefore in regions of 
the same potential, as distinct from the 
immersion objective, where the potential of 
the image space is much higher than that of 
the object space. 

The cathode microscope is ideally. suited 
for the investigation of electron emitting 
surfaces, and its application to a study of 
thoriated tungsten has greatly increased 
knowledge of the mechanism involved. 
Thoriated tungsten exhibits a very high 
thermionic emission, and Bruche and 
Johannson!? were able to show that the 
thorium came to the. surface only at a number 
of discrete points and that on further heating 
the thorium spread until the greater part of 
the surface was covered. It was at one time 
assumed that the thorium atoms arrived at 
the surface preferentially along the crystal 








sometimes sealed off so that only the one 


faces, but closer investigation showed that 
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the thorium centres occurred indiscriminately 
over the surface, some on the crystal 
boundaries, others right within a crystal face. 
On gradual cooling of the cathode most of 
the thorium appeared to recede into the 
tungsten once more. Ahearn and Becker! 
confirmed most of these results, using a 
cathode microscope with a double pinhole 
electrostatic lens, and, in addition, they 
examined the emission from a single crystal 
filament. They observed alternate active 
and inactive bands parallel to the filament 
axis, eruption of thorium occurring only from 
the active bands. The surface migration of 
the thorium was strongly directional in the 
case of the single crystal, but isotropic with 
polycrystalline wires. 

Work on activated cathodes showed that 
under suitable conditions the electronic 
emission was determined by the crystalline 
structure of the underlying metal, . and 
Burgers and Van Amstel!* took advantage 
of this to follow the transition from a to y 
iron. In the cathode microscope which they 
employed magnification was obtained by 
means of a single shrouded electro-magnetic 
lens and the continuously evacuated instru- 
ment was of glass construction. The iron 
specimen was in the form of rolled strip and 
was made the cathode. The electron emission 


_ from the iron when it was heated by the 


passage of a current through it was insuffi- 
cient to give an image and the surface was 
therefore activated with strontium. Under 
these conditions the electron emission from 
the strontium depends upon the orientation 
of the underlying iron crystal face, and the 
electron image formed on the fluorescent 
screen bears a marked resemblance to an 
etch figure, the various dark and light regions 
corresponding to differently orientated iron 
crystallites. 

By successively raising and lowering the 
temperature of the iron specimen through the 
critical range it was possible to follow the 
a—+y and y-a change. Owing to the 
existence of a slight temperature gradient 
along the iron strip the point at which the 
transition temperature had been reached 
gradually moved along the strip as the tem- 
perature was changed and the pattern there- 
fore contained images of a and y iron simul- 
taneously. Transformation could be made to 
occur slowly by changing the heating current 
very gradually, and a cinematograph film 
was taken and shown at a London conference 
in 1937. The magnification employed was 
only 20 diameters, but the electron pictures 
agreed exactly with light pictures of the 
same magnification. In the electron image 
straight boundaries occurred, which were 
attributed to twinning, and the growth of 
twin lamelle could be clearly followed on 
the screen. 

The activation method employed in this 
work is open to the objection that the surface 
to be examined must first of all be covered 
with a monomolecular film of strontium or 
barium. In the case of tungsten, tantalum, 
molybdenum, and platinum-rhodium, how- 
ever, the thermionic emission at temperatures 
above 1250 deg. Cent. is sufficient for electron 
images to be produced without prior activa- 
tion of the’ surface, and much work has been 
carried out on tungsten wires. The work 
function of the metal depends upon the 
orientation of the crystal face at the surface, 
and electronic emission is therefore not 
uniform and the crystalline structure is 
reproduced in the image. Examination of 
tungsten wire in the cathode microscope 
shows that when this metal is heated the 
effects of mechanical working during manu-. 
facture of the wire or strip begin to disappear 
at 1250 deg. Cent., which is the lowest 
temperature at which the unactivated surface 





can be examined. Prolonged heating leads 
to crystal growth, and there is a tendency 
for a more homogeneous structure to be 
formed at the surface of the wire. 

Application of the cathode microscope to 
metallic surfaces at ordinary temperatures 
is made possible by taking advantage of 
photo-electric emission. The electrons neces- 
sary for the production of the image may be 
excited photo-electrically by means of ultra- 
violet light or X-rays, but owing to the rela- 
tively feeble emission it is necessary to 
accelerate the electrons through at least 
10 kV in order to provide sufficient energy to 

roduce an image on the fluorescent screen. 

ince provision must be made for illuminating 
the cathode, the double pinhole lens cannot 
be used, and any magnetic lens must be some 
distance from the cathode and therefore high 
magnifications are not possible. In spite of 
this the method has certain advantages over 
the thermionic method. Using the photo- 
electric method of excitation, Pohl!® has 
obtained electron images from a number of 
metal surfaces, whilst Mahl and Pohl** have 
observed the mechanical deformation of tin 
about to melt in a molybdenum crucible. 

Decreasing the work function by covering 
the surface with a thin layer of one of the 
alkali metals, for example, increases the 
photo-electric emission so that weaker 
illuminations and lower accelerating poten- 
tials are possible. Gross and Seitz’? have 
thus activated the surfaces of nickel and silver 
specimens by evaporating a thin layer of 
barium on to them, and they have obtained 
images with the metals at various tem- 
peratures. 

In simple electron microscopes no lenses 
are used for the production of the image, but 
advantage is taken of the rectilinear propaga- 
tion of electrons under suitable conditions to 
produce an enlarged shadow image. Morton 
and Ramberg'* have described a simple 
electron microscope in which they irradiated 
the object with the divergent beam of 
cathode rays from an extremely small 
cathode. The magnification obtained in the 
shadow image on the fluorescent screen 
depends upon the distances from cathode to 
object and from object to image. 

In other versions of the simple microscope 
the cathode is made self-illuminating by 
reason of thermionic or photo-electric 
emission and the electrons are accelerated 
towards the fluorescent screen in straight 
lines. If plane parallel electrodes are used 
there can be no magnification, but with 
coaxial cylinders, although the magnification 
parallel to the axis is unity, the azimuthal 
magnification is given by the ratio of the two 
radii and when the cathode is in the form of 
a fine wire this ratio may be very large. 
Microscopes with cylindrical symmetry have 
been used to study the thermionic emission 
of thin wires, and once the individual crystals 
have become large enough to show up on 
the fluorescent screen it has been possible to 
follow the recrystallisation in such wires. 
When ordinary drawn wire is used the image 
is invariably streaked with bright longi- 
tudinal lines due to die marks, and if re- 
crystallisation is to be investigated the 
surface must first be rendered smooth by 
abrasion or some similar process. 

If the electric field at the surface of a metal 
is sufficiently high, electronic emission occurs 
even in the cold, and Muller"? took advantage 
of this to obtain enlarged images of metal 
surfaces using a simple microscope of hemi- 
spherical symmetry. By reducing the radius 
of curvature of the specimen the field at the 
surface increases until, with a fine point, it is 
possible to draw field currents large enough 
to excite visible fluorescence using only 





moderate applied voltage. Muller was able 


to produce images of an etched tungsten 
single crystal point at magnifications as high 
as 100,000. He was also able to show that 
the field electrons had an angular distribution 
characteristic of the crystal structure of the 
metal. 

Benjamin and Jenkins® have extended 
Muller’s work, using a spherical bulb to 
observe more of the wide angle beams than 
was possible with Muller’s apparatus. A 
fine point was produced on a tungsten wire 
by etching and was then supported at the 
middle of a V filament through which a 
current could be passed to heat the tungsten 
point. The filament was placed in a highly 
evacuated spherical glass bulb in such a 
position that the point of the tungsten was 
at the centre of the bulb. Electrolytic 
etching of the wire enabled points of radius 
2-5x 10-5 cm. to be obtained, and applica- 
tion of 5 kV was sufficient to cause field 
emission. One-half of the bulb was coated 
with a conducting film of graphite to act as 
anode and the other with a fluorescent 
powder. Assuming that the electrons leave 
the point normal to the surface and travel in 
straight lines to the fluorescent screen, the 
magnification should be equal to the ratio 
of the radius of the bulb to that of the 
tungsten point, which in the apparatus of 
Benjamin and Jenkins would be 200,000. 
This magnification should make it possible 
to distinguish small groups of atoms, and 
this was claimed in the examination of 
activated specimens. 

The patterns obtained with the field 
emission, microscopes consist of a symmetrical 
arrangement of light and dark areas, and it 
was found that the centres of the dark spaces 
could be identified with the directions of the 
normals to the main crystallographic planes. 
When the tungsten was heated to red heat 
the pattern broke up into a mass of small 
spots about 1 mm. diameter, which executed 
random motion. This motion increased with 
the temperature and was attributed to the 
movement of groups of atoms over the surface 
of the point. By ing use of a barium 
source inside the bulb it was possible to use 
the microscope to follow the formation of a 
monomolecular ‘layer of barium over the 
point. 

There are many features of the patterns 
obtained with the field emission microscope 
which are not yet understood, and the method 
is at present confined to the examination of 
exceedingly fine points, but it has the 
advantage that the specimen can be examined 
at room temperature, no lenses are used, and 
therefore the full resolving power associated 
with electrons should be attainable in 
practice. 


CoNcLUSION 


The development of the replica method for 
the examination of etched metal surfaces with 
the high-resolution electron microscope has 
opened up new fields for investigation, and 
it may confidently be expected that in the 
future the replica method will be still further 
improved and its application to the study of 
metals will add greatly to our knowledge and 
lead to the production of yet better alloys 
for engineering purposes. The scanning 
microscope is in its early stages, but it would 
seem that its further development will be 
closely linked with progress in the television 
field, and in a few years it may surpass the 
orthodox instrument in general usefulness. 
The cathode microscope is particularly suit- 
able for following high-temperature trans- 
formation and recrystallisation, but further 
work on the activation of surfaces to show up 
their crystalline structure is necessary before 
the cathode microscope can be used exten- 





sively for this purpose. Simple and field 
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emission electron microscopes are of less 
general application, but they are interesting 
because they illustrate the wide variety of 
methods of examination which are possible 
when electrons are used for illumination. 
When it is remembered that the develop- 


ment of the electron microscope has taken | fo. 


place in the last ten years it will be realised 
that progress has been rapid, but the limit 
of resolving power set by diffraction of the 
de Broglie waves is still far from being 
attained, and there is therefore plenty of 
room for further advances. In its present 
stage of development the high-resolution 
electron microscope can justify a place in any 
modern metallurgical research laboratory, 
and an additional attraction is that the same 
instrument may be used for the examination 
of surface films by the electron diffraction 
method. 
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South African Engineering 
Notes 


(By our South African Correspondent) 
CaPE Town, October. 


Drilling for Oil 

THE Government of the Union of 
South Africa is about to initiate an extensive 
programme of drilling for oil in various parts of 
the Karoo and Free‘State. This programme 
gives practical effect to the announcement made 
by the Minister of Mines, Colonel F. C. Stallard, 
in, Parliament last session that the possibility 
of oil occurring in the Union merited the fullest 
investigation. 

Colonel Stallard recently stated that the oil 
occurrences do not amount to a probability, 
but to a possibility which is so distinct that a 
full and scientific investigation should be 
carried out. ‘ All the available data, old and 
new, have been correlated, and the stage has 
now been reached where drilling can be carried 
out to investigate the actual field conditions. 
Our experts have selected certain chosen sites 
where boring operations will soon begin.” The 
Minister added that the investigation would 
take time and that early results must not be 


expected. 


Tungsten Development 

Good progress, the Minister said, is 
being made in the field development work for 
tungsten, one of the Union’s strategic base 
metals. Tungsten occurs in Natal and on a 
larger scale in Namaqualand. Parties are now 
covering these areas prospecting in search of 
the mineral. While progress is slow, a sub- 
stantial advance was made recently when 
the large-scale presence of tungsten was dis- 
covered. Colonel Stallard also said that South 
Africa was producing enough mercury for its 
own requirements. Production began soon 
after the war started, and it was financed 
chiefly by the Department of Mines under its 
Small Mines Assistance Scheme. 


War Supplies from the Union 
South Africa is to be called on to 
supply more than ever to meet the needs of 
her own Army, as well as those of the United 
Nations operating in the eastern theatres, 
according to @ bulletin issued by the Director- 


| diamonds. 


essential parts of the boats, and several have 
been completed. Built to Admiralty designs, 
these boats are described as miniature destroyers 
by the naval authorities. Their primary duty 
will be to act as an anti-submarine striking 
force. They are 75-tonners, 112ft. long. The 
engines, armament, and fittings are shipped to 
Knysna from Britain. These “ destroyers” 
are operated by the Royal ‘Navy, and the senior 
officer .of each flotilla is a Lieutenant of the 
Royal Naval Volunteer Reserve. All the other 
officers belong to the S.A.N.F. All the officers 
receive special training before being sent to 
join the South African flotillas. The ratings 
are nearly all South Africans who have served 
in the Royal Navy since the first months of the 


ant conferences with high officers of the British 
Ministry of Supply and the British Army have 
recently been concluded in Johannesburg, as 
a result of which increased orders for technical 
production are likely to be placed with the 
Union. The diversity of the goods the Union is 
supplying to other Allied Governments emerges 
m an examination of recent inquiries and 
orders received from other countries by the 
Director-General of Supplies organisation. These 
include 38 tons of copper wire, 10 tons of chrome 
canning salts (the production of which has been 
developed in the Union through war demands), 
10,000 ampules of dysentery sera and 45,000 of 
diphtheria anti-toxin, more than 2000 electric 
alternators, motors, and transformers, and 
more than 400 tons of first-grade dry yellow 
ochre powder. There has also been a demand 
for more than 250,000 pairs of shoes for the 
R.A.F., in addition to very extensive orders 
on hand for Army boots for the United Nations 
Forces. The Union’s external military supplies 
have in the past three years run into tens of 
millions of pounds’ worth of goods; apart from 
boots, blankets, clothing, food, and the vast 
field of engineering supplies, from aeroplane 
hangars to bridges, a great many products 
important to the Union’s industrial and agri- 
cultural economy have been purchased for use 
in other theatres of war. 

War production plants in all parts of the 
world have called for very large quantities of 
South African industrial diamonds, to be used 
as cutting tools and as abrasives and polishers, 
as well as drills. In the four years of war the 
Union has exported more than 4 tons of 


The Union is at present engaged on its biggest 
statistical job. At the request of the United 
States Government, the D.G.S. organisation is 
now “ programming ”’ the whole of the country’s 
requirements for the remainder of 1943 and 
for 1944. Under the heading of Preserved Food 
Production in South Africa, the bulletin gives 
the country’s canning programme in the coming 
twelve months as 225 million pounds of jam 
and marmalade, 40 million pounds of canned 
fruit, 55 million pounds of canned vegetables, 
and 50 million pounds of canned sausages, fish, 
and milk. From these supplies the Armies of 
the Union and the Allies, the Royal Navy, 
merchant ships calling at South African ports, 
and the civilian population will draw their 
requirements. Certain supplies will also be 
made available for other African territories. 


South Africa Builds Warships 

After a lapse of 100 years, shipbuilding 
for the British Navy has been resumed at 
Knysna in the Cape. When the war began the 
firm of Thesen and Co., well known in the 
shipping world and large timber merchants 
and furniture manufacturers, felt they were not 
justified in keeping their large factory at 
Knysna employed on non-essential work, and 
decided to close down for the duration. No 
sooner had they done so, however, than they 
were approached by the Admiralty and asked 
to reopen and turn the factory over to boat 
and shipbuilding. The factory was ideally 
situated for the purpose—alongside the wharf 
and the deep water—and the process of con- 
version started immediately. Oaks planted by 
George Rex, at one time Marshal to the 
Admiralty at Cape Town, on his estate at 
Knysna more than 100 years ago, and stink- 
wood, a remarkably durable wood, which grows 
in the Knysna forests, are used for i 


For their size and , these patrol craft 
are remarkably well armed, and can deal with 
surface craft, aircraft, and submarines. They 
carry depth charges and a Y gun for firing 
them. If necessary, they can fire torpedoes. 


Survey of South African Industry 


The Board of Trade and Industries is 
about to embark on a comprehensive investiga- 
tion into the manufacturing industries of the 
Union, which will probably be one of the most 
important of its kind ever undertaken. The 
Board’s report may form the basis of a “‘charter”’ 
for South African industries for many years to 
come. The scope of the investigation will be 
appreciated from the terms of reference. They 
include the extent to which manufacturers are 
engaged in war production and the possibilities 
of directly changing over to peacetime produc- 
tion at the end of the war, as well as the pros- 
pect of absorbing labour into the industry after 
demobilisation; all mattersdirectly and indirectly 
affecting the economics of production and distri- 
bution and the possibilities of rationalising and 
regulating through a licensing system ; the best 
method of dealing with dumping and disruptive 
competition after the war; the effects of manu- 
facturers’ or distributors’ associations, com- 
binations and monopolistic tendencies on pro- 
duction, distribution, market demand, and/or 
consumers’ prices; the possibilities of develop- 
ing the export trade in manufactured goods to 
African and other territories ; the best way of 
disposing of surplus Government stocks after 
the war, having regard to the interests of pro- 
ducers, distributors, consumers, and the State. 

The object of the investigation is two-fold. 
It is, first, the desire of the Government to have 
before them all the facts bearing on the South 
African industrial position, and to get as com- 
plete as possible a picture of the manufacturing 
industries. The other object is the wish of the 
Government to have all the facts affecting the 
manufacturing industries in view of wartime 
developments, and those likely afterwards, so 
that it can formulate its future industrial policy 
and ensure development along sound lines in 
the interests of the country as a whole. 


Union Engineering Industry Transformed 


Machine tools worth more than a 
million pounds have been brought to the Union 
since the outbreak of war. Many of them are ofa 
type hitherto not imported—production machine 
tools, as distinct from machine tools for main- 
tenance and repair working. By the importa- 
tion of these tools a transformation has come 
to the South African engineering industry. Its 
shops are now more diversely equipped than 
ever before. A very large number of South 
African men and women have gained experience 
in the use of modern machines in mass produc- 
tion. ineering and other manufacturers 
throughout the Union are engaged on a big 
programme for the production of agricultural 
implements—the biggest ever undertaken. The 
programme includes production of ploughs, 
harrows, planters, cultivators, and a great 
variety of other farming implements and spares. 
The output of one concern now exceeds 500 tons 
monthly. A standard design for a two-furrow 
plough has been decided on, and is to go into 
mass production. South African steel is to be 
used and the prices will be almost as low as 
those of the articles shipped from overseas. 

Manufacturers in the Union are still busy 
with war orders for the Allied Nations, and 
expect to be working to utmost capacity in the 
near future, as with the war against Germany 
nearing new heights of intensity, with its 
approach to that country and the opening of 
large-scale operations against Japan, the 
demands upon South Africa from the Allied 
Nations will tax this country’s resources to the 
utmost. Manufacturers here are also finding 
that they are being asked to supply a much 
larger variety of goods. At the moment the 
Union is arranging to supply 450 tons of rubber. 
The rubber is being obtained from the landolphia 
vine, of which ‘cultivation has begun with 
enthusiasm, and excellent results—the output 








General of Supplies early this month. Import- 
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is expected to be increased to about double at 
the next yield. 
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A Survey of Plastics* 


By 8. LIVINGSTON SMITH, D.8e. (Eng.), 
M.I. Mech. E.t es 


(Continued from page 512, December 24th) 


1V.—Rermrorcep Puiastics as STRUCTURAL 
MATERIALS 


Tue chief potential advantage of synthetic 
materials lies in their adaptability to the special 
circumstances of each particular case, and the 
possibility of plastics as structural materials 
must be examined from this aspect. 

(1) Ties.—Considering the figure for the 
specific tensile strength of, say, ‘ Gordon 
Aerolite ” (Table VI), the material appears to 
be ideal for carrying tensile loads. However, 
owing to its weakness in shear, it becomes very 
difficult to stress fully a tensile member without 
rather large end fittings. ‘The weight of end 
fittings will be independent of the length of a 
tie, and so will be negligible in the case of a 
very long tie, but prohibitive in the case of a 
short one. Thus, in designing the lightest tie 
to carry a given load, the material selected will 
depend on the length of the tie, as those with 
the highest tensile strength are not generally 
those capable of withstanding the highest shear 
stresses. 

(2) Struts, Beams, &c.—In general, the main 
advantage of plastics lies in their use in cases 
where design is limited by elastic instability 


metal aircraft, loads to be carried are often so 
low as to call for very thin sheets which have to 
be stiffened with ribs and stringers, and are even 
then liable to buckle before the material can be 
fully stressed. Again, such thin sections are 
liable to vibration and accidental damage. 

If, however, a material of lower density can 
be used, sections can be made thicker for the 
same weight, flexural rigidity (as measured by 
E I in the conventional notation) being increased 
in greater proportion. As flexural rigidity is the 
factor which determines the resistance to 
buckling of struts, compression flanges of beams 
and shear members, the material having the 


there is no risk of buckling, the solid material 
will be as good as a sandwich. 


V.—Use or Puastics In BEARINGS 

(1) Water-Lubricated Bearings.—The out- 
standing advantage of plastic bearings is that 
they can function satisfactorily under high- 
duty conditions when lubricated with ordinary 
tap water. Water can, of course, act as a 
lubricant for any materials, provided the 
operating conditions are such as to permit the 
formation of a fluid film. Its viscosity is, how- 
ever, so small as compared with lubricating oil 
that in most cases a fluid film would not be 
formed and a condition of boundary lubrication 
would exist. In such cases the nature of the 

surfaces,‘ as well as the chemical 
structure of the lubricant, influence behaviour ; 
and if water were used to lubricate, say, steel 
and phosphor-bronze under conditions of high 
load and low speed, seizure and tearing of the 
surfaces would result. Under such conditions, 
however, bearings made of laminated fabric- 
base phenolic material show up to great 
advantage. 

The exact mechanism which renders this 
result possible is not known, but it is suggested 
that the cellulose fibres impregnated with water 
form a boundary layer similar to that formed by 
the polar molecules of an ordinary lubricating 
oil on a metal surface. These molecules are 
usually conceived as being rigidly attached to 
the metal surface at their active ends and, if 
strongly polar, as standing out normal to the 
surface—like the pile on a carpet or a field of 
corn—thus providing a protective layer on the 
bulk materials and reducing the forces of 
attraction of the opposing surfaces by increasing 
the distance between them. 

Various experiments have been carried out at 
the National Physical Laboratory and else- 
where which, together with the experience of 
many operators, clearly demonstrate the 
superiority of such bearing bushes over metal 
ones under boundary lubrication conditions, 
provided that sufficient water passes through 
the bearing to remove the heat generated by 
friction, thereby preventing charring of the 





highest value of E/p* (Young’s modulus/density 
cubed) will be the best. Table XI compares 


TasLe X.—Comparison of Materials for Specific Stiffness and Flexural Rigidity 


plastic surface. In the case of rolling mills the 
ample supply of water necessary to remove this 








Young’s Density p, 
Material. modulus E, gm. oor E E E 
Ib. persq.in.| cu. cm. p p? PF 
Steel... ... ead whe Selene ay teas. 2 ae ee 7:8 3-85 x 108 4-93 x 105 6-31 x 104 
Aluminium alloy se wet Bbw "eee 10-8 x 10 2-8 3-85x 10% | 13-78x105| 49-3 x 104 
Leaimeted ener -base sheet 3 x10 1-47 2-04x 10% | 14-4 x 105] 94-6 x 104# 
Unidirectional ‘‘ Gordon Aerolite ” 7 x10 1-47 4-86x 10 | 33-6 x 105 | 220-0 x 104 




















several materials from this point of view. 
Where the nature of the compression member is 
such that it may collapse in any direction the 
figure of merit becomes E/p?. 

Thus what is in effect an expansion or 
“blowing out” of a material (i.c., from the 
point of view of stiffness, aluminium alloy is 
equivalent to an expanded steel) can lead to 
lighter structures less likely to buckle ; and the 
table shows that the reinforced plastic materials 
offer considerable promise. 

(3) Sandwich Structure.—The effect of expan- 
sion or “ blowing out’ may be brought about 
by using a sandwich construction in which stiff 
skins are placed on each side of a lighter filler 
material, the object of which is to retain the 
skins in their correct relative positions and to 
prevent them from crinkling locally. Synthetic 
filler materials or elastic stabilisers are now 
being developed, but balsa wood, which weighs 
from 5 lb. to 8 lb. per cubic foot, is used as a 
filler in the sandwich construction of the 
** Mosquito ”’ aircraft. 

It will be clear that sandwich construction is 
not universally applicable and the advantages 
to be derived from its use are greatest where a 
component has to carry a low compression load 
over a great length. Where high compressive 
loads have to be carried over short lengths and 





* Institution of Mechanical Engineers, December 10th, 
Abstract. 





+ Superintendent, Engineering Department, National 
Physical Laboratory. 


heat is useful also as a coolant for the rolls 
themselves. 

Advantages claimed by operators are (i) 
ability to withstand shock loading, which, with 
metal bearings, results in surface cracking ; 
(ii) lower friction losses than with metal 
bearings; and (iii) very high resistance to 
wear—probably because seizure cannot occur. 

However, there are two distinct disadvan- 
tages associated with plastic bearings, namely 
(i) low heat conductivity, and (ii) dimensional 
instability in the presence of water. The first 
of these can be overcome by using sufficiently 
high rates of lubricant feed, but the second at 
present limits the use of such bearings to appli- 
cations where small clearances and completely 
cylindrical bushes are not necessary. 

In applications where 360 deg. bearings are 
required, and where the plastic is contained in a 
steel housing, it has been found necessary to 
allow as much as 0-006in. clearance per inch 
diameter in excess of the normal clear- 
ance to allow for the swelling of the plastic 
material. Where oils and greases are used as 
lubricants, as is sometimes thé case with very 
heavily loaded rolling mill bearings, dimen- 
sional changes are less, but still of sufficient 
magnitude to be troublesome when thick liners 
are used. 

(2) Aero-Engine Bearings.—A recent report 
from Germany describes an aero-engine in 
which thin layers, about 0-2 mm. thick, of resin- 


steel journals and run in steel housings. The 
lubricant used was normal engine oil and it is 
claimed that the engine ran for over 200 hours 
at ratings up to 80 per cent. of maximum output 
without appreciable deterioration of the bearing 
surfaces. Whilst this development may have 
been dictated by shortage of other materials, 
it illustrates the wide field open to plastic 
bearings, and it is possible that certain corrosion 
difficulties encountered with the usual bearing 
materials may be overcome by their use. 

(3) Cages for Ball Bearings.—In certain appli- 
cations of ball bearings the cage is the critical 
component and, if there is a temporary break- 
down in lubrication, a metal cage may seize on 
the balls or races, completely wrecking the 
bearing. Such seizure is less likely to occur if 
plastic cages are used. These are sometimes 
machined from laminated tube. 


VI.—TeEstTInG oF PLAstTIcs 


(1) General.—If the engineer is to consider the 
use of plastics in stressed parts he will require 
more complete and certainly more accurate 
mechanical data than are at present generally 
available. The behaviour under stress of all 
plastic materials is very different from that of 
metal, as will be understood when it is recalled 
that their structure consists of long chains held 
together by secondary forces as compared with 
the crystalline structure of metals. This 
difference is reflected in the methods necessary 
to secure accurate test data. Thus, plastics 
seldom exhibit a marked yield point; they 
tend to creep at normal temperatures, and they 
fail to obey Hooke’s law precisely. 

In testing plastics, one must also bear in 
mind the effect of moisture content and tempera- 
ture. Great care is necessary to subject test 
pieces to @ standard conditioning treatment 
before test. It is also necessary, if the test is 
to occupy any length of time, to arrange 
for constant conditions of temperature and 
humidity in the testing laboratory. No 
national standard has yet been agreed upon, 
although the National Physical Laboratory has 
adopted 55 per cent. relative humidity and 
21 deg. Cent. as standard testing conditions. 

(2) Laminated Sheet—A description of the 
testing methods rendered necessary by the 
peculiarities of all the different types of plastics 
would form a paper in itself. The following 
remarks will therefore be confined to the testing 
of laminated sheet as a representative example 
of a plastic product. 

(a) Tensile Test.—Whereas the tensile test 
is the simplest of all tests, very wide variations 
in the measured strengths of plastics will be 
obtained unless the following points are 
observed: (i) Condition of test pieces; (ii) 
finish and accuracy of preparation of test piece ; 
(iii) alignment of test piece in testing machine ; 
and (iv) rate of strain or of application of stress. 
No standard conditioning treatment has yet 
been generally adopted, but miost specifications 
call for treatment for a prescribed period at a 
prescribed relative humidity and temperature. 
It will be realised that such treatment is of little 
value unless a condition approaching equili- 
brium is reached. The difficulty, at present 
unsolved, is that the time required to bring 
about a reasonable approximation to equili- 
brium is too long for practical purposes. 

Test results are seriously affected if unskilled 
labour is used to prepare the test pieces, but if 
machine shop methods are used and the 
machining operations are carried out in the 
correct sequence no difficulty should arise on 
this account. 

The importance of correct alignment in the 
testing machine arises from the lack of ductility 
of most plastic materials and neglect will cause 
low results to be obtained. Whether rate of 
strain or rate of increase of stress is adopted 
depends upon the nature of the testing machine. 
Whereas rate of strain is the ideal, all that can 
be defined in practice is rate of movement of 
the head of the testing machine. Rate of 
increase in stress is, however, more easy to 
achieve accurately. It is often inconvenient to 
alter the rate of application of load to suit 
different areas of cross section of test piece ; 
but, as there is no appreciable necking of these 
materials, a precise figure can be quoted. 





bonded fabric were wound round and bonded to 


The tensile test called for in British Standard 
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Specification No. 972-1941, which applies to 
fabric-base laminated sheet, is made on a test 
piece of the form shown in Fig. 10. This specifi- 
cation attempts to control strain rate by stipu- 
lating that load shall be applied steadily at 
such a rate that the minimum specified breaking 
stress is reached in approximately two minutes 
from the initial application of load. The 
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(a) Tensile test piece from British Standard Specifica- 
tion No. 972—1941 
(6) Another type of tensile test piece. 


Fig. 10—Tensile Test Pieces for Laminated Sheet 


specification goes on to state that special care 
is necessary to secure correct alignment of the 
test piece. As one cannot be certain of good 
alignment when using wedge grips, an alter- 
native form of test piece has been suggested as 
shown in Fig. 10. Here load is applied by pins 
through two holes. An advantage of this type 
is that, if the holes are drilled first, they may 
serve to locate the test piece in a jig so that 
correct machining may be facilitated. 

(b) Eatensometer Tests.—The extent to which 
laminated material obeys Hooke’s law depends 
very largely on the nature as well as on the 
water content of the sample. Figs. 11-13 show 
the behaviour of a low-grade cotton fabric 
laminated sheet. Laminated sheet may be 
made which is very much better than this, but 
the figure serves to show the sort of behaviour 
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Fic. 11—TZensile Stress-Strain Diagram 


which must be guarded against when testing 
and, indeed, when using laminated sheet. 

Fig. 11 shows the result of an ordinary 
extensometer test. It will be noted that the 
loading line is curved, and that there is marked 
hysteresis. Experiments have shown that 
such hysteresis may remain even after a test 
piece has been subjected to six million repeated 
applications of the stress range 0-0-4 ultimate 
stress. 

Fig. 12 illustrates the behaviour of this 
material when subjected to prolonged loading 
and subsequent removal of load. Creep takes 
place at comparatively low stresses, and an 
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FiG. 12—Prolonged Loading Tests ; Tensile Stress- 
ain Diagram 


appreciable amount of recovery takes place on 
removal of load. 

Fig. 13 shows a family of creep curves relating 
to this material. 

It will be apparent that it would be impossible 
accurately to quote a modulus of elasticity for 
such @ material, and recourse must be made to 
some convention. Fig. 14 illustrates four 
possible conventions. 








Specification No. 972 calls ‘for a proof com- 
pression test on a lin. cube of material. A 
bedding-down load of 300 lb. is applied perpen- 
dicular to the laminations, followed by a proof 
load of 10,000 lb. The deflection consequent 
on the application of this proof load is not to 
exceed 0-04in. 

When tests on cubes are carried to destruction 
failure usually takes the form of shearing on 
planes inclined at 45 deg. to the laminations. 
A test which has been found useful at the 
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Fic. 13—Prolonged Loading Tests: Creep at Constant 
tresses 


National Physical Laboratory consists of com- 
pressing a test piece in a direction parallel to 
that of the laminations. The height of this test 
piece is three times its thickness, so that it is 
somewhat slender and therefore sensitive to 
shear weakness. Care is necessary to secure 
good alignment. The ends of the test piece are 
ground square and parallel and the tests made 
in the axial loading shackle shown in Fig. 15. 

(d) Shear Test.—It is very difficult to measure 
shear strengths accurately, and Fig. 15 shows 
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A Tangent Valuwe.—iIn BUChord Value. — In 
quoting: modulus cal- quoting modulus cal- 


culated from the slope 
of AA it is necessary 
to specify :-— 

(1) Value of incre- 
ments of stress. 

(2) Time interval 
between  inere- 
ments. 

(3) Stress at which 
tangent is drawn. 


culated from the slope 
of BB it is mecessary 
to specify :— 
(1) Value of inere- 
ments of stress, 
(2) Time interval be- 
tween increments. 
(3) Stresses corre- 
sponding to points 
BB. 
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C Repeated Stressing.— 
In this method stress 
is varied between a 

higher and a lower 
value until change in 
strain remains constant 
in successive cycles. 
In quoting modulus, it 
is necessary te specify : 

(1) Range of stress. 

(2) Time interval. (2) Time interval. 


Fic. 14—Methods of Defining Moduius of Elasticity in 
Non-Heokean Materials 


——2— STRAIN 
ewan 6c. 


D Repeated Straining.— 
This method is similar 


to method C, ot 
that a predetermi 
strain is applied to the 
test piece, successive 
loadings being varied 
to effect this. It is 
necessary to specify : 
(1) Strain limits, 


the method at present used in the National 
Physical Laboratory. Small test pieces are 
fitted carefully into the slots in the device, 
which is then placed in a testing machine. 

{e) Impact Test.—Whereas the impact test 
is used a deal for roughly assessing the 
quality of moulded materials, its significance 
when applied to laminates is questionable. In 
the first place the excess energy method of test 
measures the total energy involved in fracture ; 


to cause damage. Again, it is very questionable 
if the energy credited to the test piece is in 
fact absorbed thereby, and it is known that 
variations in the design of a testing machine 
cause different results to be obtained in impact 
testing. Probably the best test is an impact 
proof stress, wherein a blow of specified energy 
would be applied by dropping a ball or tup from 
a predetermined height on to a test piece, the 
material of which would be rejected if damgae 
resulted, 

(f) Creep, Fatigue, and Effect of High and Low 
Temperatures.—Whereas it is important that 
knowledge be obtained of the properties of 
plastics under fatigue, prolonged loading, and 
high and low temperatures, before plastics can 


test have not yet been evolved and the tech- 
niques which have been used for metals are 
employed subject to added precautions rendered 
necessary by the hygroscopic nature of plastics. 
Also, the high internal damping (consequent on 
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Fic. 15—National Physical Laboratory Compression 
and Shear Tests for Plastics 


the hysteresis) may give rise to overheating 
during a fatigue test unless conditions of test 
are selected with care. 


VII.—ConcLvusions 


From the foregoing it will be concluded that 
the range of materials generally referred to as 
plastics embraces a wide field of products with 
properties that can be varied to suit different 
applications. From the point of view of the 
mechanical engineer plastic products may be 
roughly divided into’ two gréups. The 
attractiveness of the first is primarily ease of 
production of large quantities of insulating, non- 
corroding components, light in weight, but of 
no great strength. The second group, the rein- 
forced plastics and laminated woods, in addition 
to being light and non-corroding, offer possi- 
bilities of considerable saving in weight. Much 
emphasis has been placed on this latter group, 
inasmuch as weight saving is attractive in such 
applications as transport, and indeed in those 
stationary structures whose main strength is 
necessary to carry their own weight. It will be 
apparent, however, that much more research 
is necessary to enable the full strength of fibres 
to be employed, to improve serviceability, and 
to facilitate cheap and easy production of small 
quantities. It is essential that both engineers 
and chemists should play a full and equal part 
in such research and the author would instance, 
as an example, the happy collaboration which 
exists between the Chemical Research Labora- 
tory and the Engineering Department of the 
National Physical mcrae in this respect. 


The attention of readers is called to the fact 
that the illustrations Fig. 1 (December 17th, 
page 491) and Fig. 3 (December 24th, page 511) 
have been in error tra A comparison 
of these diagrams and their captions will at once 
make the matter clear. 








Australia Launcnues New Inpustrizs,—At a 
cost of £1,100,000, two new industries are being 
established in South Australia by the Common- 
wealth Government. One is a £600,000 plant for 
reforging scrap steel, and the other is a £500,000 








(c) Compression Tests.—British Standard 


what is really required is the energy of a blow 


chemical plant, which will be used after the war for 
the production of fertilisers. 









be used with confidence, special methods of 
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Markets, Notes and News 


The prices quoted herein relate to bulk quantities. 


Fall in United States Scrap Stocks 


According to a statement issued by the 
United States Bureau of Mines, the domestic stocks 
of iron and steel scrap at consumers’, suppliers’, and 
producers’ plants at the end of September, 1943, 
approximated 6,613,000 tons, representing a decrease 
of 2 per cent. from the 6,778,000 tons reported on 
August 3lst. This decline was occasioned by 
decreases of 2 and 3 per cent. in. consumers’ and in 
suppliers’ and producers’ stocks respectively. Thus, 
while suppliers’ and producers’ stocks on September 
30th, 1943, amounted to 1,139,000 tons, compared 
with 1,169,000 tons at the end of August, con- 
sumers’ stocks were 5,474,000 tons and 5,609,000 
tons respectively. The greater part of the decrease 
in total stocks was contributed by a decline of more 
than 3 per cent. in stocks of purchased scrap at 
consumers’ plants (approximately 140,000 tons). 
The total consumption of ferrous materials (scrap 
and pig iron) amounted to 9,228,000 gross tons in 
September, representing a decline of approximately 
1 per cent. from the 9,306,000 tons consumed in 
August. This decline was entirely due to the shorter 
month, since the average daily melt increased 2 per 
cent. over that in August, Although the total con- 
sumption of purchased scrap remained approxi- 
mately the same in September as in August, stocks 
of this material at consumers’ plants showed a4 
decline of 3 per cent. This would indicate that ship- 
ments of scrap te consumers by suppliers and pro- 
ducers are insufficient to meet current requirements. 
While the total consumption of home scrap and pig 
iron in September showed individual declines of 
1 per cent. from that used in August, stocks of pig 
iron gained 2 per cent., whereas stocks of home serap 
remained approximately the same. In September 
open-hearth furnaces consumed 55 per cent. of the 
purchased scrap, 73 per cent. of the home scrap, 
and 79 of the pig iron used, In 1942 the percentages 
were 59, 71, and 77 respectively. In September 
Bessemer converters used 5-5 per cent. of the total 
scrap and pig iron charged to all furnaces, with 
open-hearth furnaces using 72-1] per cent. Steel- 
making furnaces, open-hearth, Bessemer, and elec- 
tric furnaces accounted for 69 per cent. of the 
purchased scrap, 83 per cent. of the home scrap, and 
89 per cent. of the pig iran coasumed in September. 
The remainder was principally used in cupola iron- 
making furnaces. 


The Pig Iron Market 


Compared with a year ago, conditions in the 
pig iron market show a remarkable change, and since 
this is largely due to the changed situation of the 
chief consuming industries, it is of some significance. 
Last year at this time foundries, particularly those 
allied to the engineering industry and the jobbing 
foundries, scarcely knew where to obtain the supplies 
they required to deal with the huge amount of 
Government work upon their books. Now there is 
plenty of pig iron available for all consumers, with 
the noticeable exception of hematite pig iron, Some 
of the engineering foundries and jobbing foundries 
are endeavouring to obtain new business, as, although 
they are assured of employment for several weeks, 
cancellations and suspensions of Government con- 
tracts have sharply affected the position. Firms 
that have lost their contracts and have been search- 
ing for new work do not find it easy to obtain. 
The foundries, however, in the te are con- 
suming large tonnages of special refined and low- 
phosphorus pig iron, and the production of tnese 
qualities has been considerably increased. High- 
phosphorus pig iron is in ample supply and con- 
sumers’ requirements are easily met. The light 
castings foundries, which normally consume big 
tonna of this class of iron, have been under- 
employed throughout the war and in all probability 
will remain in that condition until building activity 
is resumed at the end of hostilities. Although the 


* hematite position remains tight, production has 


been improved during recent weeks. The increase 
in output, however, has not been sufficient to enable 
the producers fully to meet the demand and con- 
sumers are eagerly taking up any parcels which 
may be allocated to them. The Control, however, 
takes great care in distributing hematite pig iron, 
and, wherever possible, coasumers are instructed to 
use some other quality. If the consumers’ require- 
ments are urgent and no other description of pig 
iron will answer the same purpose, the Control sees 
that the consumers’ needs are satisfied. It would 
appear, however, that the demand for hematite is 
considerably in excess of the production. There is 
a large volume of business passing in basic pig 
iron and the production of this quality is maintained 
at a high level. The steel works, therefore, appear 
to be obtaining all the basic pig iron they require. 





Export quotations are f.o.b. steamer. 


Scotland and the North 

Although a falling-off in new business has 
been noticeable in the Scottish iron and steel trades, 
production has been maintained at a high rate; in 
fact, it has exceeded the specifications for steel 
material coming forward. The general view, how- 
ever, is that this will prove a temporary phase in 
the position of the iron and steel industry and that 
when the allocations are given out for the next 
period the activity to which the trade has become 
accustomed during the war period will return and 
that extremely busy conditions are likely to be the 
feature of the position during the first period of the 
New Year. The works’ order books, however, are 
still congested and in many cases they are com- 
mitted to deliveries to June, 1944. The decline in 
the volume of new business is not so noticeable in 
the re-rollirig industry, but even here there are firms 
who are in a position to accept fresh business. In 
any case, however, the industry, including steel 
works and re-rollers, has enough work in hand to 
keep it fully employed until well into 1944. The 
end of the year finds the raw materials position 
satisfactory, with the exception of the heavy and 
better classes of steel scrap. In some districts steel 
makers say that their demand for steel scrap is 
barely satisfied and that they are receiving an 
increasing proportion of light and inferior descrip- 
tions. The volume of business in plates has not 
appreciably declined. The shipyards continue to 
be the largest consumers, but considerable quan- 
tities are pessing to locomotive builders, heavy 
engineers, power plant makers, and marine engi- 
neers. Taed tment which is perhaps the quietest 
for the ce Soe is that producing sections, but 
there are no lack of orders for the small sizes. It 
is in the case of heavy joists and sections that quiet 
trading conditions prevail. Re-rolling firms in 
particular have a large volume of orders in hand for 
light sections. A substantial tonnage of orders is 
held by the works in the Lancashire area. These 
include contracts for practically all descriptions of 
finished steel, with the exception of heavy joists 
and sections, which are in poor demand. Fresh 
busiaess in Lancashire, which has been affected by 
changes in the Government war programme, has 
revived of late and new orders are coming forward 
on @ heavy scale. It is noticeable, however, that 
in some departments there is a tendency for pro- 
ducers to offer reasonably early delivery dates. The 
steel works on the North-West Coast are main- 
taining a high rate of production. Recently the 
deliveries have increased in volume, as there has 
been a great effort to complete contracts before the 
end of the fourth period. 


The North-East Coast and Yorkshire 

The volume of business in iron and steel 
has noticeably declined during the past few weeks. 
This, however, is a natural movement and largely 
owing to the approach of the Christmas holidays. 
On the one hand, the works are in full operation 
and working off as many contracts due for delivery 
in the fourth period of the year as possible and are 


therefore reluctant to accept fresh business, except | P 


for forward delivery, and, on the other hand, even 
those consumers who are experiencing a lull in 
demand are not anxious to place orders until after 
the holidays. The year is closing on an entirely 
different note from that which characterised the 
market at the beginning of 1943. Except in a few 
departments, the demand has fallen off recently, 
and some profess to see indications of the decline 
spreading to other sections of the iron and steel 
trade. It seems probable that a fairly substantial 
tonnage of orders will be carried over into the New 
Year, and many steel makers have a heavy weight 
of work in hand for delivery over the first six months 
of 1944. This is the case in the plate department, 
and here no recession in consumers’ requirements 
can be seen. The shipyards and the heavy engi- 
neering industry are the largest consumers and their 
requirements have been fully maintained. The 
demand for plates is still sufficient to tax the 
resources; of the works, although lately there 
has been some inerease in production. The 
sheet industry also is fully employed and, 
besides producing a large quantity of thin plates, 
there is enough work in hand from Government 
Departments to maintain full operations for 
several months. The situation in the struc- 
tural steel department has not altered for some 
little time. The demand is principally for light 
sections and a comparatively small business is 
passing in heavy joists and sections. The alloy 
steel position seems comfortable and the demand, 
particularly for engineering qualities, is steady. 
The approach of the Christmas holidays has had 
little influence upon the Yorkshire iron and steel 





Unless otherwise specified home trade quotations are delivered f.o.t. 


industry. The holidays this year will be restricted, 
although in some cases the necessity of overhauling 
and repairing plant may lead to a longer break than 
is likely at the majority of the works. There is a 
heavy business passing in basic steel and the pro- 
ducing works are fully engaged. The supply of raw 
materials is satisfactory and this branch of the 
industry looks as though it were entering upon a 
long run of great activity. 


The Midlands and South Wales 


For a few weeks there has been a tendency 
in the Midlands for the volume of new business in 
iron and steel to shrink, and the approach of the end 
of the year appears to have accentuated this move- 
ment. There has not been any material change, 
however, in the demand for plates. The shipyards 
continue to take large tonnages, whilst heavy engi- 
neers, armament manufacturers, and locomotive 
builders are large consumers. There is also a strong 
demand from the shipyards for light sections, 
although the heavy sizes are in poor request. The 
re-rolling industry in the Midlands is fully employed 
and has important orders in hand for small steel 
bars, light sections, and strip, and is likely to be fully 
employed for a long period. Supplies of billets to 
the re-rollers have been well maintained, and these 
works are now receiving regular deliveries. Much 
of the work they have in hand is for essential pur- 
poses. Although the amount of work on the books 
and the orders coming forward are sufficient to 
easure active operations at the re-rolling works, the 
amount of new business is not so heavy as was the 
case a few weeks ago. Considerable quantities of 
sheets are taken up by the shipyards and the 
pressure upon the sheet makers appears to be 
increasing, and some consumers are pressing for 
accelerated delivery. Sheets of special finish are in 
strong request and buyers with orders to place find 
it difficult to obtain delivery before Period II of 
next year. The market. for special steels has 
become more active of late and the makers of cold- 
rolled strip, bright steel bars, stainless steel, and 
corrosion-resisting steel are working under strong 
pressure. The Mi engineering industry is 
practically fully employed in all branches, excepting 
that some structural engineers would be glad to 
obtain more work. In South Wales the pressure 
of new business appears to have relaxed somewhat, 
but the iron and steel industry there has a big 
volume of business in hand and is assured of full 
operation for a long time. Production is main- 
tained at a high level. Some slackening has been 
noticed in the demand for billets, but, although the 
production has been increased, consumers’ require- 
ments are sufficient to absorb the whole output. 
There is also a strong request for sheet and tinplate 
bars and consumers are taking all the steel allocated 
to them. The tinplate trade is suffering from war- 
time restructions. 


Iron and Steel Scrap 


There has been no. relaxation in the 
ressure from the steel works to obtain heavy steel 
scrap, and the foundries are also taking up all the 
cast iron scrap they are able to obtain. It is under- 
stood that the instructions to merchants to increase 
their deliveries of scrap to the steel works by 10 per 
cent, to the end of the year have been followed, and 
merchants are ing great efforts to maintain 
these recently improved deliveries. Medium and 
light qualities of scrap are plentiful and the demand 
has improved somewhat, as the steel works are 
unable te obtain all the better-quality scrap they 
require and have to take some of the former to 
maintain their production. Some of the stocks of 
good heavy mild steel scrap cut to furnace and 
foundry sizes have been considerably reduced, and 
consumers are eagerly seeking this quality. There 
is also an active market for bundled steel serap and 
hydraulically compressed steel shearings, which are 
being used in greater quantities owing to the short 
supply of the heavy material. The production of 
mild steel turnings seems to have declined, and as 
this kind of scrap has become less plentiful the 
demand has improved. Recently there has been a 
more active demand than for some time for mixed 
wrought iron and steel scrap for basic steel furnaces. 
Consumers’ requirements of good heavy material 
are considerable and there is a pressing demand, as 
supplies appear to be growing less. Plenty of light 
material is available and fair quantities are passing 
into consumption. Recently there has been more 
activity in the demand for basic bundles and quite a 
good trade has developed. Ironfounders generally 
are ready to take up good quantities of cast iron 
scrap, but recently there have been some complaints 
of the quality of the material available. 
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Rail and Road 


Rattway Extension in CoLompia.—Plans have 
now been announced in Colombia for the extension 
of the Troncal de Occidente Railway from Anza 
(Department of Antioquia) to the city of Antioquia. 
The completion of this section of railway will open 
up 4 rich agricultural area west and north-west of 
Medellin. 

L.M.S. Motor Transport Economy.—Although 
L.M.S. road motor vehicles moved two million more 
tons of goods this year than in 1939, the company 
reduced its mileage by no less than nine million motor 
miles. This has been achieved principally by careful 
reorganisation of the company’s collection and 
delivery services. 

“'TwEnrIeTH CENTURY” BorLER ExPLosion.— 
In a “Seven-Day Journal’? note on September 
10th we recorded the derailment, in the early morn- 
ing of September 7th, of the American ‘‘ Twentieth 
Century Limited ’’ express at a point 24 miles east 
of Syracuse. It has now been established that the 
derailment was caused by the bursting of the boiler 
of the locomotive—a streamlined 4 6-4. The engine, 
tender, and eleven vehicles left the track. 

L.P.T.B. Inter-Station Busres.—On December 
20th, a new bus route was put into operation 
between five principal London main line stations 
for the convenience of passengers who are unable 
to obtain a taxi to take them from one terminus to 
another. This service, which has been arranged at 
the request of the Ministry of War Transport, is 
provided daily from 6.30 p.m. until midnight, and 
the buses run non-stop in both directions at half- 
hourly intervals between Paddington, Victoria, 
Waterloo, Euston, and King’s Cross. 

AMERICAN RoaD WorK.—The new paved highway 
which has been under construction for the past two 
years, connecting Montgomery and Tuscaloosa, 
Alabama, was recently opened to traffic. The road 
is 99 miles long and saves 43 miles over the old 
route by way of Uniontown. It has also been 
announced that Highway 5, a short route between 
Birmingham and Mobile vid Centerville, Marion, 
Browns, Stafford, Catherine, Grove Hill, and 
Jackson has been thrown open to traffic. This 
route cuts out considerable mileage between Bir- 
mingham and Mobile. 

AmeRIcAN Frre-Ficutinc Cars.—The Balti- 
more and Ohio Railroad, which handles a great deal 
of oil and other combustible war materials over its 
lines, has recently converted twelve standard bogie 
box wagons into fire-fighting cars for use in case of 
emergency. Railway Gazette states that each car is 
equipped with pumps, a generator, and hose suffi- 
cient to reach 400ft. from the car. Tanks of foam, 
producing about 33,000 gallons of liquid, are stored 
in each car, and are sufficient for one hour’s con- 
tinuous operation. The foamite is mixed with water 
from the tender of the locomotive hauling the fire- 
fighting train, and the locomotive steam is also used 
to operate the generator and the pumping system. 
These cars are stationed at twelve depéts in Phila- 
delphia, Maryland, Indiana, and Ohio, which also 
house breakdown trains. 


Miscellanea 

INTERNATIONAL RUBBER COMMITTEE.—The Inter- 
national Rubber Regulation agreement, which 
should expire to-day, December 31st, has been 
extended for a period of four months. The three 
signatory Governments still available—the United 
Kingdom, the Netherlands, and India—are agreed 
in desiring international co-operation in matters 
affecting rubber and the retention of machinery for 
consultation on possible future international action 
to deal with the post-war problems of the industry. 
They have therefore considered the possibility of 
constituting a more widely representative com- 
mittee for consultation and the collection of informa- 
tion, and it is the hope of the three Governments that 
all other countries with a substantial interest in 
rubber or rubber substitutes, whether producers or 
consumers, will join the proposed Committee. It 
is further hoped that the new Committee will point 
the way to international action which will secure the 
long-term interests of rubber producers and con- 
sumers in conformity with such principles for inter- 
national commodity schemes as may be generally 






Memoranda 


Personal and Business 


Mr. A. GorpDon has been appointed an additional 
director of Parkinson and Cowan, L 


Sm Samuet Strane STEEL has been elected a 
director of the Scottish Power Company, Ltd. 


Mr. E. J. HunTerR has been appointed manager 
of the dry docks department of Swan, Hunter and 
Wigham Richardson, Ltd. 

Srr James Mritnz, general manager, Great 
Western Railway, has been re-elected Chairman of 
the General Managers’ Conference. 


Tse SovurHeRN Rarmway CoMPany announces 
that Mr. H. U. Willink, M.P., has resigned from the 
board on becoming Minister of Health. Mr. H. 
Brooke, M.P., ae been co-opted to fill the vacancy. 


THe MrinistER oF War TRANSPORT has appointed 
Mr. E. B. Hugh-Jones, M.C., B.Sc., M.» Inst. C.E., 
Divisional Road Engineer for the Wales and Mon- 
mouth Division in place of Major 8. Evans, M. Inst. 
C.E., F.R.I.B.A., who has retired. 


Mr. J. W. Davrss, director and general works 
manager of Ferranti, Ltd., has been elected Presi- 
dent, Manchester district, of the Engineering 
Employers’ Association, having served as Vice- 
President for the past two , after many years’ 
service as a member of the Executive Committee. 
Mr. Davies has been a member of the Ferranti 
organisation for the past forty-four years, being 
engaged as a tool maker in 1899. Promoted in 
turn to foreman and departmental works manager, 
he was appointed general works manager in 1924. 


Mr. Atan P. Goop has resigned from the boards 
of Court Works, Ltd., Caprotti Valve Gears, Ltd., 
Associated Locomotive Equipment, Ltd., and Jones 
Gas Process Company, Ltd. Mr. James Fielding, 
managing director of Fielding and Platt, Ltd., and 
Mr. W. M. Good have been appointed additional 
directors of Heenan and Froude, Ltd. Mr. W. M. 
Good has been appointed a director and chairman 
of Caprotti Valve Gears, Ltd., and Associated Loco- 
motive Equipment, Ltd., and a director of Court 
Works, Ltd., and Jones Gas Process Company, Ltd. 
Mr. G. M. Gill, managing director of Severn Valley 
Gas Corporation, Ltd., has been appointed chairman 
of Jones Gas Process Company, Ltd. Mr. W. M. 
Ratcliffe, managing director of Heenan and Froude, 
Ltd., has been appointed chairman of Court Works, 
Ltd. Mr. James Barclay is resigning from the board 
of Jones Gas Process Company, Ltd., and Messrs. 
P, A. A. Gooch and C. E. New from the boards of 
Caprotti Valve Gears, Ltd., and Associated Loco- 
motive Equipment, Ltd. 








Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of 
having notices of meetings inserted in this column, are 
requested to note that, in order to make sure of ite insertion, 
the necessary information should reach this office on, or 

of the week preceding | 
TIME and PLACE at which 
the meeting is to be held should be clearly stated. 


Bradford Engineering Society 

Monday, Jan. 10th.—Technical College, 
“Gears and their Application,” W. 

6.45 p.m. 

Engineer Surveyors’ Association 
Friday, Jan. 7th.—Inst. of Engineers and Shipbuilders 
in Scotland, 39, Elmbank Crescent, Glasgow. 
“* Electric Welding and Equipment,” G. C. Suther- 
land. 7 p.m. 

Institute of Fuel 

Thursday, Jan. 6th.—Inst. of Mechanical Engineers, 
Storey’s Gate, 8.W.1. ‘‘The Heat Content of the 
Products of Combustion, *? L. Luly. 2.30 P ces 
Wednesday, Jan, 12th.—Engineers’ Club, Albert Square, 
Manchester. Address by E. 8. Grumell. 2.30 p.m. 
Thursday, Jan. 13th. —heeie Dept. . of the University, 
Woodland Road, Bristol. ‘ost-War Coal Pro- 
cessing,” G. M. Gill and J. Roberts. wet 
Friday, Jan. 14th.—Chamber of Commerce, Swansea. 
“The Production of Producer Gas and Blue Water 


Bradford. 
A. Tuplin. 


Institution of Automobile Engineers 


Jan. %h.—Lonpon GrapuaTEs: 12, Hobart 
: » &.W.1. Address by G. H. Lanchester. 
p.m. 


ee nee 


Tuesday, Jan. 11th.—Geologi i Burlingt 
House, Piccadilly, W.1. * The een “ot 
Margarine, ” A. J. Andersen. 2.30 p.m. 


Institution of Electrical Engineers 


Wednesday, Jan, 12th.—Scortish CENTRE: Heriot. 
— College, Edinburgh. ‘* The Future of Domestic 
Wiring Installations,” F. Jackson, W. J. H. Wood, 

G. Smith, and E. Jacobi. 6 p.m. 


Institution of Mechanical Engineers 


To-day, Dec. 31st.—Storey’s Gate, Westminster, S.W.1. 
“Paints and Protective Finishes for Metals,” 

A. J. Philpot. 5,30 + ges 
sie gm on Wazzs Cardi 8S. Wales Inst. 

of neers, Park Place, Cardiff. ‘ ~err ic 

Principles and Applications,” C. E. Inglis. “a 
Saturday, Jan. 8th.—WEsTERN Brancu: Physics Dee. 

The University, Roy al Fort, Bristol. “G ‘opic 

Princi yee and Ap feations, C. E. Inglis. 2.30 p.m. 
Metta Oe an. 10th.—N.E. Branow: Mining Institute, 

Neville Hall, Newcastle-upon-Tyne. “ Naval 

Machinery : Some Factors Influencing its Design,” 

Eng. Vice-Admiral Sir G. Preece. 6 p.m. 

Thursday, Jan. 13th.—SoottisH Brancu: Royal Tech. 
nical College, Glasgow. “Survey of Plastics from 

the Viewpoint of the Mechanical eer,” S§. 

Livingston Smith; and ‘Moulding Plant for 

Plastics,” J. L. Daniels. 7.30 p.m. 

Friday, Jan. 14th_—SouTHERN BRANCH : Royal Aircraft 
Establishment, Farnborough. “Gyroscopic Prin- 
ciples and A plications,” C. E. Inglis. 7.30 p.m. 

, Jan. Phen, ——LONDON GRADUATES : Storey's 
Gate, Westminster, S.W.1. ‘* Locomotives I Have 
Known,” O. V. 8. Bulleid. 

Branco: Engineers’ Club, Albe: 
chester. ‘‘ Remember the Past and 
Future,” F. C. Lea. 2.30 p.m. 


Institution of Production Engineers 


Monday, Jan. 3rd.—CovENTRY GRADUATES : er scygper 
College (Room A5), Coventry. ‘‘The Design 
Cams for Single-Spindle Automatic Machines,” %. x. 

“‘ Waste Elimination and | Salvage, ee 
Morgan ; and “ The Relati t the Pro- 
os Engineer and the Management,” J. B. Scott. 

45 

Friday, Jan. 7th.—Inst. of Civil Engineers, Great George 

om 8.W.1. ‘Training of Young Engineers,” 

. Hewett. 7 p.m.—Liycotn Szcrion: Robey’s 
pdb Canwick Road, Lincoln. Discussion on 
a Inspection.” 6.30 p.m.—MANCHESTER SECTION : 
sag csr Institute, we. ‘ Production Control,” 

1 Fan. bth 7.15 p.m, 

Saturday, 8th.—Yorxs SECTION : ~~ Metro om 2 ag 
Leeds. ‘Production Control,” Appleby 


Sunday, 
Pp 





Satu: 


ok to the 





2.30 p.m. 
Iron and Steel Institute 
Tuesday, Jan. 11th.—Technical College, The Broadway, 
Dudley. ‘A Study of Austenitic Grain Growth in 


Medium-Carbon Steels,”’ J. H. Whiteley. 7 wale. 
13th.—Rational Hall, E br pale: 


Thursday, Jan. 
“Research in the Steel Industry,” Cc. xH 
7 p.m. 
Junior Institution of Engineers 


Friday, Jan. 7th.—39, Victoria Street, 8.W.1. ‘‘ Some 
* Causes of Failure in Medium and High-Duty Helical 
Compression Springs,” G. H. Jackson. 6.15 p.m. 
Keighley Association of Engineers 
Friday, Jan. Tth.—Victoria Hotel, Keighley. ‘“‘ A York- 
shire Gentleman, Three Centuries Ago,” C. Whone. 
7.30 p.m. 
North-East Coast Institution of Engineers and Shipbuilders 
Friday, Jan. 7th.—Mining Institute, Newcastle-upon- 
Tyne. ‘ The Influence of Production ee 


on the Design of Reciprocating Machinery,” R. E. 
Strub. 6p.m. 


Royal Aeronautical Society 
rie Jan. 6th.—GrapvuatE Section: 4, Hamilton 


Place, W.1. ‘‘ Technical Problems in the Conver- 
= a gape Aircraft to Civil Use,” G. d’Erlanger. 


Wedncoday, en 12th.—4, Hamilton Place, Piccadilly, 
Wl. “ihe History of the Royal Aeronautical 
Society,” J. L. Pritchard. 7.30 p.m. 


Royal Institution 
, Jan, lst and 4th.—21, Albemarle 
ibrations and Waves,” E. N. da C. 
2.30pm 


Royal Society of Arts 

Wednesday, Jan. 12th—John Adam Street, Adelphi, 
W.C.2. ‘The Story of Petroleum,” Sir Frank 

Sraith, 2.30 p.m 

Wednesday, Jan. 19th. —John Adam Street, Adelphi, 
W.C.2. ‘“Lendon’s Water Supply,” Berry. 


Saturday and T' 
Street, W.1. 
Andrade. 








accepted after the war. 





Gas,” H.R. Forman. 4 p.m. 





END OF VOL. CLXXVI 





1,45 p.m. 
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SPLIT 
ROLLER BEARINGS 


THE STANTON IRONWORKS COMPANY LIMITED 
NEAR NOTTINGHAM 


SHEET METAL WORKING MACHINERY +”¢ MACHINE TOOLS 4 _TIMBRELL sWRIGHT | 


ACH Fi; 
yl 359-36/ EUSTON RD /j ‘ ij || MACHINE TOOL & ENGINEERING COL? | 
DEDUWUAR DS 177: LONDON NW./ ] f | SLANEY ST. BIRMINGHAM 4 | 
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LT. & c. PRESSES at the 
for oil nore fire 





TAYLOR & CHALLEN LP  “cr'rower Presses 
DERWENT WORKS, CONSTITUTION HILL, BIRMINGHAM 


Telephones : Central 5672-3-4 Telegrams: DERWENT, BIRMINGHAM @ Telephone: Whitehall 3513 Telegrams : TAYCHAL, PARE, LONDON 
LONDON OFFICE: St. Stéphen’s House, Victoria Embankment, S.W.! . 











Ati tc VERE NT 


Cutting 35,000 horse-power Marine Turbine Reduction 
Gears on one of our Double Headed Hobbing Machines 





MPOWER PLANT & 


(3.ines) WEST DRAYTON MIDDLESEX Giz: ROC: WEST 
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R E LAYS for A.C. and D.C. 


si ace ENGINEERS. KEYS 
ACCURATELY 





switching capacity. 
Complete control 
plants. 


PROCESS TIMERS 








Apply for leaflet 
'SPNIEN srt gerne ier’ 


FRE, ——— 
MOUNTFORD (BHAM) Lp. — = LONDEX LTD. 
FREMNO WORKS s BIRMINGHAM ’ Manufacturers of Relays 


Anerley Works, 207, Anerley Rd., S.E.20 
Telephone: SYDenham 6258/6259 











LYDE CRANES 
GPYARDS AND DOCKS. W. G. BAGNALL, LTD. 


egret 44 eS! ee. “/ Lenden Office: PE ine Ce weciun 
NE CRANE AND ENGINEERING co. af’ BUILDERS OF LOCOMOTIVES 
MOSSEND, Near GLASGOW. ba be oon Sheet Rede emor Aa og 


| Tipping Trucks, Cane } ed Turntables. 


i B.S.S. COCKS § See Illustrated Advt. alternate issues. 

lif Valves and Fittings 

™ of all types and sizes 
| ad for all duties 


HH STEAM SPECIALTIES LTD. EFFI c| IE NCY 
| treet, LEICESTER | AND f 
| cent eo sciatica WORT 
| bile: 20,GROSVENOR GARDENS 8 W.1 Write for Catalogue— H AM HY 
| 


COMOTIVES & fr JOSEPH WESTWOOD ||? snes « sm couressors 


2700. & Co., LTD. THE HAMWORTHY ENGINEERING CO,, Ltd., Poole, Dorset 
i Sowest, 3s New 8 Sloane 8111. Bridge Builders . Constructional Engineers Phone Poole 735 (P.B.X.). Grams Inventions, Poole 
— NAPIER YARD + MILLWALL - LONDON - E-14 ee 
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ANY NUMBER 
OF HEADS 
SEPARATELY 

MOTOR DRIVEN. 


We Build— 


RIGHT OR LEFT 
HAND CUTTING. 


MOVABLE TO 
CUT ANY ANGLE 
ON BENT TUBES 


BROOKES SWING HEAD SAWS OR SECTIONS. 


BROOKES (OLDBURY) LIMITED 
PHONE OLDBURY, BIRMINGHAM ‘GRANS 


ON ADMIRALTY 
BROADWELL 1294-5 Ux See a WAR OFFICE & AJR MINISTRY LISTS 


— Savies NVOY’S BURDEN BY vA 
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STONEBREAKERS 
Crushing 





J. W. JACKMAN & CO., LTD., 


Vulean Works, MANG4KSTER. 


Manufacturers of 


FOUNDRY PLANT 


standardised card advertisements 


below are inserted in-place of the / 


firms’ large advertisements which have 
ep ee Oe Oe en 





Dro. 31, 194 





LANCASTER & TONGE Ly 
PENDLETON, aie 


See our “— ed advertise 


CEMBER 3 














STEEL FRAMED =i 


FOR HOME & O 


VINCENT ~— vacast $Q.. T  aleeamieel 
Telephone : 
Victoria 8375-8 (4 tines) 


S.W.1 





BRITISH “REMA” 
Manufacturing Co. Ltd., SHEFFIELD 


(Proprietors: EDGAR ALLEN & CO., LTD.) 


Emulsifying Mills. 








BROCKHOUSE 
CASTINGS LIMITED 
Wednesfield, Wolverhampton 


See our displayed advertisement 
DECEMBER 3 























CASES cor 


INSTRUMENTS € SPARES 


m Quantity ef small batches 
enqgueies invited from instrument 
makers and government con- 


tractors. At FULLY APPROVED 


MALLINSON Teitaatiy 


vy Veaer Come TY ia ines | 
@ Fes 


Sams ION 








below are inserted in place of the 


firms’ large advertisements which have 
been omitted due to the paper shortage 


BROOM & WADE LTD. 
HIGH WYCOMBE, BUCKS 


See our displayed advertisement 
DECEMBER 24 








Crossley-Premier Engines Ltd. 
Sandiacre, Nr. Nottingham 


See our displayed advertisement 
DECEMBER 3 








DAVY and UNITED 
ENGINEERING co. t LTD. 


PARK IRON WORKS, SH 


See our displayed i a 
DECEMBER 24 





\ 





FRANK PEARN & CO, [ 
MANCHESTER, 12 


See our displayed advertiser re 
DECEMBER 17 








JAMES PROCTOR LIMIT 


Hammerton Street Ironworks, Bun 


See our displayed advertisemene 


DECEMBER 3 





#4 





ROPEWAYS LIMITED” 


“Oakwood,” The Warren, Radictt, He , 
See our displayed advertisement: 


DECEMBER 3 








HUGH SMITH & CO, : 
(POSSIL) LIMITED © 


POSSILENGINEWORKS, GLA sc¢cg 


See our displayed advertisement. 
DECEMBER 3 - 








ALFRED HERBERT LTD. 
COVENTRY 


See our displayed advertisement 
on Page 13 


THE HYDRAULIC 
ENGINEERING CO. LTD. 
CHESTER 


See our displayed advertisement 
‘ DECEMBER 17 





The Standard Piston 


and Engineering Co. 
DON ROAD, SHEFFIELD 


See our displayed advertisement 


DECEMBER 17 








F. REDDAWAY & CO. LTD. 








PENDLETON, MANCHESTER 


See our displayed advertisement 
DECEMBER 17 








HYLAND LIMITED 


WAKEFIELD 


See our oat advertisement 
DECEMBER 3 











STEELE & COWLISHAW: 
Cooper Street, Hanley, Stoke-on-Trent 


See our displayed advertisement _ 
DECEMBER 3 

















SESTUEABRICATION 











THE ILLUSTRATION SHOWS THE LOWER HALF OF A FABRICATED } 
LP TURBINE CYLINDER IN WORK ON ONE OF OUR 2 TON MANIPULATORS 





VICTORIA STREET. 


stig 





go. 3! 


COOKE & FERGUSON LTD.., 


SOUTH STREET, 
ELECTRICAL. WELDING 


AND GENERAL ENGINEERS. MANCHESTER II. 


/ LONDON OFFICE: 40/41. 


OPENSHAW. | 


Telephone: EASt 1464-5 
Telegrams: ‘Fabricate. Manchester. 


CRAVEN HOUSE. KINGSWAY. W.C.2. 


ec 
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BOILERS 
FOR ALL PURPOSES. 
PARTICULARS FROM 


LA MONT STEAM GENERATOR Ltd., 


8, WATERLOO PLACE, 








PALL MALL, LONDON, 8.W.!. 








Briquette Machinery 


FOR 
COAL, ee colina &c. 


HERBERT ALEXANDER & k Co. Ltd. 


1-3, CHARMOUTH STREET, 


SO CRN : 


LAA HEN DER )) 


The CLYDE STRUCTURAL IRON Co.Ld. 
Clydeside Ironworks, Scotstoun, Glasgow. 


STEEL ROOFS 


London Agents—GILLESPIE & CO., Ltd., 
Leadenhall Bidgs., 1, Leadenhall St., London, E.C.3 


MECHANS LIMITED, 
Engineers and Contractors, 
SCOTSTOUN IRONWORKS, GLASGOW 
LONDON OFFICE; 

10, Princes Street, Westminster, S.W.1. 
































ROWE MURAL. 


RUCTURAI 


POSSILPARK , GLASGOW 


See Illustrated Advertisement 
next wee 


BRICK MACHINERY. 
BENNETT & SAYER 


gineers, Ironfounde: and General 
” Millwrights, 
DERBY. 


























(Tre HYLAND 
GOVERNOR 
for 
INDUSTRIAL 
ENGINES 








FIELDING & PLATT 
LTD. 
GLOUCESTER 


See our Displayed Advertisement 























ABBOTT & CO. pewarn) LT? a 





RAILWAY ROLLING STOCK AND MINING MACHINERY. 


Lendon Office—32, Victoria Street, Westminster, S.W. 1. 































High Efficiency for All Duties 
All Heads up to 500 Feet 
i, Waterworks 


TWO BEARING 
TYPES—for 
Specialised Duties 
as in the BEX 
Pump illustrated. 


been introduced for 
pron 
pee ga nitions rogue an ond Puc type 0} ump for arduous is 


Pulsometer Engineering C° 1? 


Nine Elms Ironworks, Reading 


Established 1875 List No. 2758 











See Display 
Advertisemen §- 
Dec. 10th. 









COUNTERACT VIBRATION ! 


Fit Kolok Positive Lock Washers between 
every nut and bolt, and so protect your 
machinery against vibration, the cause of over 
50% of its wear and tear. ave tena — 
Positive Lock Washers for Positive 


POSITIVE LOCK WASHERS 


POSITIVE LOCK WASHER CO. LTD., 78, McAlpine Street, GLASGOW, C.2 
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"LA MONT ||@- - BORNE R) Sicnceane con 
GLEY MILL, NOTTS 


e 
Teleg. Address: “TURNER, LANGLEY MILL.” National Tele.: Nos. 34 & 35 LANGLEY MILL. 


BRIDGES, nROOFS, Pi PIERS, TANKS oa 
Hydraulic Pressed met ee Ete, 


[ae WELL, NB," 


Office: 82, Victoria Streay 8) 
See illustrated advt, next week, 


NEWBuR\ 
IESEL Coie 


MARINE & INDUSTRIAL 
DIESEL ENGINES UP TO 80 









































PURE WATER 
Pitieson 


ENGINEERING co. ETD, 
KINGSWAY * LONDON 








OIL. SHALE 


The DAVIDSON ROTARY be: 0 
A second Battery of these Retorts 
stalled bythe New Consolidated Gold Finn 
PATENT RETORTS, LTD, 
No. 5, » VICE ESS Oa STREET. T) LONDON,i 





























VOT 1) 
~ ZBeipadl 


™ #.IRELAND 









HIND-GRIFFITHS 
FURNACES LIMITED 
Rolfe Street, Smethwick, Staffs. 






See our displayed advertisement 
DEC, 24 
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MORRIS 
BOILERS 


Herbert Morris Ltd Loughborou 


STEEL CITY SUPP 


co., LTD. 
OXY-GAS CUTTING 
and ARC WELDERS 


FiameOx Works, Bailey Lane, SHEFFI 


A. C.WICKMAN Ltd. 


Machine Tool Specialists 
COVENTRY 


Branches at 

LONDON, . a ty 

MANCHESTER, EDS, GLASGOW, 
NEWCASTLE-UPON-TYNE. 

See our Displayed Advertisement Dec. 24 
































ELECTRIC TRUCK 


Tractors - Locomotiv 
conserve man power d 

WINGROVE & ROGERS L 
Broadway Court, Broadway, London, &. 
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This single operator portable oil-cooled arc 
welding transformer equipment has a built- 
in regulator with 36 steps of regulation 
between 25 and 210 amperes and 30 and 
300 amperes respectively. Current settings 
are clearly marked in amperes on indicator 
plates. Particularly suitable for modern 
shielded arc types of electrodes. Foolproof. 


~ FULLER ELECTRICAL AND MANUFACTURING CO., LTD., 
(Associated with Asea Electrical Co., Ltd.) 


Head Office : 
FULBOURNE RD., WALTHAMSTOW, LONDON, E.I7 
Telephone : LARkswood 2350 (10 lines) Telegrams: Fullmage, Telex, London 
Branch Offices: Manchester 2, Birmingham, Glasgow 


Manufacturers of Single and Multi Operator Oil-cooled Arc Welding Transformers to B.S.S. 





FULLER | 























To-day it is only the —— who order a new casting at 


great expense and hold u: uction of essential war 
material for months. AU thee people who use Barimar’s 
services form a mighty Brains Trust of 150,000. A 
great army that does not wait for new castings or parts. 


IF YOU ARE operating machinery of any kind engaged 
on War production, it is vital for you to know that 
Barimar stops the leaks in production through broken 
machines of any kind, any size or made in any metal. 


Power Presses are crashing their necks 


these days through rush and semi-skilled operation, and while the 4-ton 
press body illustrated is not the biggest press job that Barimar has 
prepared, yet it will show you, and we hope others, that a breakage of 
this character can be repaired 
by Barimar in SIX DAYS or 
LEss. And is done at a 
money-saving price and under Barimar Money-back Guarantee. 


-ton Power Press Always ask Bari- 
4 mar first. Advice 


Body with. Broken ie foco—yeu will 
Neck. - save time and 
money. 


it unites. Well, Barimar welding is like 
Tests in breaking Barimar welds 
25 per cent. gain in 


The neck of the power press is its weakest 
point, and in this case the broken-off that. 
portion weighed several hundredweights. show an average 


REPAIRED ¥ 
PRESS. 

Six days’ 

work by 

Barimar 

started pro- 
duction on 

‘1A Priority work ‘at 
customer’s factory. 


Please save time and. trans- 
port by sending Broken 
Patis to Barimar’s nearest 
address. 


BIRMINGHAM 12: 116-117, Charles Henry St. Phone: Midland 2696 
NEWCASTLE UPON TYNE, 1: 31, The Close Phone: 21055 


THE WORLD’S SCIENTIFIC WELDERS 





Thick metal has no terrors for Barimar, 
as special Welding Plants and skilled men 
set up these jobs to give the utmost 
strength and to preserve dead alignment 
throughout the welding operations. You 
may have heard of glue used in Aircraft 


construction that is stronger than the wood . 


strength over the ordinary cast iron used 
in such castings as machine frames. 

In the case of an obviously ‘thin’ section, 
Barimar can build up the part with 
new, strong metal to assure that no 
further breakages can happen through 
the error made by the designer of part. 


All Broken Parts sent by Rail must be CARRIAGE PAID. 
Please ADVISE us by LETTER. 


Barimar House, 22-24, Peterborough Road, Fulham, 


LONDON, S.W.6. 

Telegrams : « Bariquamar, Walgreen, London.” 

MANCHESTER 13: 67, Brunswick St., Ardwick Green Phone: Ardwick 2738 
GLASGOW, C2; 134, West George Lane Phone: Central 4709 


LTD. 


Telephone : RENown 2147-2148 
Night 2148 
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Side-Tracked ! 


EY day thousands of wagons are collected in marshalling 
yards and sent off north, south, east and west. And 
each wagon stops at somebody’s loading bay or siding. 


From every quarter voices are calling out for them. 


You must help us to get them together again. ‘When they 
come to you, free them wi.hout one minute’s needless delay. 
We did well last year—thanks to you. This year let’s do better, 
for our growing attack calls for more and more transport. 
In war time all transport lines lead to the battlefront; every 
vehicle is on its way to our fighting men. Speed their journeys! 





You know your own problems 
best. Tackle them in your own 


way. But tackle them 


QUICKER TURNROUND ‘«« , 2, 2custe 
ideas, improvise if needs 
THAN EVER BEFORE 


ae ee 


by 


h 


Ministry 


of 


War 


Transpert 





be. Here’s a starting-off agenda: 


4. CLEAR LABELS AND DOCUMENTS. 

2. LABOUR SAVING DEVICES. — 

3. WORK IN BLACK-OUT AND AT 
WEEK-ENDS 


4. OPINIONS OF “MEN WHO DO 
THE WORK” 
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A Visco Steelshell Force- 
draft Cooling Unit will 
save quite 98% of your 
Water Bill. With this 
unit the cooling water is 
used over and over again 
instead of running to 
waste. A Visco Cooling 
Unit is inexpensive to 
install, economical to run, 
and takes up very little 
space—it can be placed 
inside the plant house if 
desired. We illustrate a 
Visco Steelshell Force- 
draft Cooler. of 1,620 
gallons per hour capacity. 
This also serves to ven- 
tilate the engine room. 
Ask for our Catalogue No. 393. 


visco 


ENGINEERING CO [TD 
STAFFORD ROAD. CROYDON. 


ER tt, 
* 


Phone: Croydon 4181-4 & 2471. 
Grams: “ Vurtmit, Croydon.” 
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HEAT FROM 
PARAFFIN 
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Suitable for ENGINEERS, SHIPBUILDERS & RE- 
PAIRERS, WATERWORKS CONTRACTORS, RAIL- 
WAY CARRIAGE & WAGON WORKS, MUNI- 
CIPAL ROADS & TRANSPORT DEPARTMENTS. 
Wells’ heating plants are made in eight different sizes, and what- 
ever the work, if portable heat is required, there is a Wells’ piant 

> suitable for — oe are — plants using as little as half 

/ j a gallon a rf i 

| | flame of 2,450 degrees Fahr. (and consuming 21° callers 


per hour). If portable heat is one of your probl 
let Wells solve it for you. romans 


: j | A.C.WELLS & SL TD 
MARTIN, BLACK &CO.( WIRE ‘ROPES) LTD PROVIDENCE MILLS: HYDE+ CHESHIRE 
SPEEDWELL WORKS, COATBRIDGE, SCOTLAND phn Hyde 953m abn 
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LANCASHIRE DYNAMO & CRYPTO ip > 


TRAFFORD PARK, MANCHESTER, 17 WILLESDEN, LONDON, N.W.10 









FOSTER TRANSFORMERS & SWITCHGEAR LTD., WIMBLEDON, S.W.19 CRYPTON EQUIPMENT LTD., WILLESDEN, N.W/IO 
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B’ installing the Atritor Coal Pulverizer, coupled with 
boilers or furnaces of modern and efficient design, a 
considerable saving of coal has been effected in many industries. 


Hundreds of Atritors are in use, firing WATER-TUBE BOILERS, 
LANCASHIRE BOILERS, ROTARY CEMENT KILNS, LOW- 
TEMPERATURE FURNACES, RE-HEATING FURNACES, AIR 
FURNACES, MELTING FURNACES, HEAVY FORGE FURNACES 
and REVERBERATORY FURNACES. 


Our RING MAIN DISTRIBUTION SYSTEM ENABLES one 
ATRITOR to fire as many as fourteen small furnaces. 







































We quote for complete installations, including boilers, furnaces, 
coal-handling equipment, piping, etc., with reliable estimates 
of fuel consumption. 


Catalogue on request. 


ATRITORS IN STOCK 





Size. Capacity. Size. Capacity. 
pet Rani Sa No.6 ... ... 500Ib.perhour _ No.10 ... .-- 2000 Ib. per hour 
No.8 ... 1000 0, ow No. 12 ... ce ae 
No. 16 ...... 4000 Ib. per hour 







ALFRED HERBERT LTD. COVENTRY 





4 Sliding and Surfacing 
super-speed Lathe 


42in. (1070 mm.) CENTRES 


Single or Double Bed. 
Made in sizes from 18” to 
96” Centres and length 
to suit any requirements. 
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‘Makers of LATHES, HORIZONTAL BORING 
and MILLING MACHINES for HEAVIEST 
ENGINEERING WORK 







SCOTTISH MACHINE TOOL CORPORATION Ltd. 


124, ST. VINCENT STREET, GLASGOW, C-.'2. 
LONDON ADDRESS: CALDY, SOUTHWOOD GARDENS, HINCHLEY WOOD, ESHER, SURREY. 


















THE ENGINEER 


Duo. 31, 1943 








— a ee 





PARKSON iu) 


for 
IRRIGATION 


LAND 
DRAINAGE 


SEWAGE 
DISPOSAL 


etc. 


" 50,000 Gallon per minute Pump supplied to 
The County Borough of Blackpool. 


_—oJ 
UNIVERSAL 
MILLER 





J. PARKINSON 
& SON 


SHIPLEY YORKS 


AXIAL FLOW PUMPS 


DRYSDALE—MAWSON PATENTS 


for 
DOCK 
DE-WATERING 
STORM 
WATER 
CONDENSER 
CIRCULATING 


. ete. etc. 
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MINISTRY OF SUPPLY 











































ood watch 
prevents misfortune 










Safety on the road depends on “keeping a good 
watch ’—a constant watch ahead! Misfortune will 
overtake you sooner or later, maybe sooner, if you allow 
your attention to be diverted for one moment. 


Make the road of production safe and the volume of 
production sure, by attending to that little amount 
of simple routine inspection and maintenance of your 
electrical equipment. 





Minor Repactd PREVENT 


Va J hip ie Aa 








ISSUED 8Y THE OD.I.E.£. IN COLLABORATION WITH BRITISH ELECTRICAL MANUFACTURERS 
This space is provided by 


PARKINSON 





CROMPTON LTD., LONDOW 
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We cannot claim to make everything 

from a pin to a battleship, but we do 

make motors in a variety of types from 
1/8 H.P. to 500 H.P. 


HEAD OFFICE & WORKS 
WITTON, BIRMINGHAM _ ENG. 
Telephone Birchfields 4545 Br. Exch. 
Telegrams “ HIGSWITON™ 


BRISTOL DUNDEE 
GLASGOW NOTTINGHAM 
LONDON PETERBOROU 
MANCHESTER 

BELFAST 
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HUDSON 


LIGHT 






RAILWAY 
EQUIPMENT 


fMustration 1176 
HUDSON STOPE TRUCKS AT WORK 
DOWN AN AFRICAN GOLD MINE 





WE ALSO PRODUCE 


STEEL 
CASTINGS 


IN OUR OWN 


FOUNDRY 





















IMustration 1661. 
SELF-EMPTYING AND RIGHTING 
LARGE TIP WAGONS AT WORK 


gs RALEIOX ” ALL, OFFICES 
LONDON OFFICE; 


D OFFICES : , Fi 
21, TOTHILL STREET, 
BADOW Litth teaos WESTMINSTER, S.W.1 
RLEPHONE ; 2.0.00.4 LEEDS TELEPHONE : WHITEHALL. 7127 


capa sped 
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14-TON ALL-STEEL MINERAL WAGON, 9ft. Oin. WHEE! 


BURSE,. NELSON & co. LTD. 





SHEFFIELD OFFICE : 
Town Hall Chambers, 








87, Fargate, 1. HANDLING EQUIPMENT 





LONDGN OFFICE 
peonees Ceres s CRANES RUNWAYS 
2,New Zealand Avenue, VAUGHAN CRANE C° L'O MANCHESTER, 1. | 








Walton-on-Thames, 


rN ae Baas 


THE LEEDS ENGINEERING 
€ €O.L teeos 





GLASGOW OFFICE : 
78, St. Vincent Street, 


- GOODALL CLAYTON& COLTS 
LEEDS 





The Glasgow Rolling Stock & Plant V Works, MOTHERWELL || | convevinc pLants, Bunkers &¢ 

















TYPICAL 


HOLDEN & BROOKE 
MANUFACTURES 











Oil Quenching Plant, comprising Tank, Strainer, Oil 
Circulating Pump and Oil Cooler. 


HOLDEN & BROOKE LTD., MANCHESTER 12 
66, VICTORIA ST., LONDON, S.W.1 












. usicckeniiaaen ROYLES 


GRINDING MILLS IRLAM, Near MANCHESTER. 
Calorifiers, Feed Heaters, 


Smedley Bros. ||} 04 Heater sa. Coolers, 





Limited, S Senei, “Sadkeies 
BELPER, DEensysHine Valves, &c. &c. 
FOR ALL PURPOSES. [ne 4 LI M IT E D 


























Mica!" 
FOR Big FURNACE 


5 SIGHT-HOLES, ETC. 
ST. JOHNS HOUSE. MINORIES, LONDON, EC.3 


1500 B.H.P. WATER TURBINE 


HEAD 240 FEET. 1000 REVS. PER MIN. 


FOR ELECTRIC LIGHTING OF MADRID 
~F 5 











GILBERT GILKES & ¢ GORDON Lid. tic on Kendal, Eng. 


LONDON OFFICE: CRAVEN HOUSE, KINGSWAY 



















“SEEFLO” CIRCULATION 


INDICATOR 
PATENT MOVING BALL TYPE 


Self-cleaning, with “ protected glass, not affected by 
Sand or Sediment. 


THE PARSONS ENGINEERING Cco., LTD., 
SOUTHAMPTON. 
Phone : 2727-8. Grams: PARSENGCO. 
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The designers and architects of the 
Abu Simbel Temple certainly had a “big 
idea”! And throughout the ages it has 
always been the “big idea” that has 
captured the imagination and made for 
progress ... from the Pyramids to the 
Empire State Building . . . from Boadicea’s 
Chariot to the latest Tank! 





Tecalemit Engineers in developing 
Mechanical Lubrication had the “big 
idea”— one which they have extended 
and improved over a period of time, 
keeping pace with all demands made by 
the Engineering Industry. 


(TECALEMIT | 








The colossal figures 65 feet 
Mareen neem §©MECHANICAL LUBRICATION 
Ne which decorate the front of — 
_ the RockTemple of thatname 
- erected by R 
vi 1359 BE 


GREAT WEST ROAD. Phone: EALing 6661 HYDRAULIC & MECHANICAL 
TECALEMI BRENTFORD, MIDDX 16 lines DESIGNING & MANUFACTURING ENGINEERS 
LimMr yee : 
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Ne Heat Resisting Steels 


sEEAS for FURNACE PARTS. 
INCLUDING CHAIN SCRAPER LINKS, COMPRESSION PLATES, SKID RAILS 
BEAMS, RACKS, BURNER NOZZLES, DOOR FRAMES, SILLS 
HEARTH PLATES AND MUFFLES 


ILLUSTRATION OF THREE 5’ 0” LENGTHS 
1o) OF CONVEYOR CHAIN FOR WORKING IN A 


HARDENING FURNACE AT.A TEMPERATURE 


OF 850° C. 
EAST HECLA 


MADE IN HADFIELDS 
Syeeene “ERA H.R.” HEAT-RESISTING STEEL 


Catalogue No. 436 sent on request 
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* BRITISH 
INDUSTRIES 
FAIR? 











Remember the British Industries Fair? When industry 
swings again from war to peace, when machines will hum 
to replenish the markets of the world, Skefko will serve 
engineers in the world we have to build; fighting 
friction, carrying loads, speeding the wheels of commerce. 


, eae =REMEMEER OS Ee 
THE SKEFKO BALL | if 


BEARING COMPANY 


LIMITED- LUTON: BEDS BALL & ROLLER BEARINGS 
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Both for municipal and industrial services, 
throughout Great Britain and the Empire, 
the efficiency of G.E.C. Fraser & Chalmers 
Turbo Plant has been endorsed by repeat 


orders. Original installations have been 


Manufacturers: 





extended and increased by additional sets of 
various capacities. The illustration shows a 
typical example—an overseas power station 


with seven G.E.C. Turbo-Alternators giving 


an aggregate output of | 10,000 kW. 


THE GENERAL ELECTRIC CO. LTD. 
Head Office: Magnet House, Kingsway, London, W.C.2. 


Branches throughout Great Britain and in all the principal markets of the world. 
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DONT 
WORRY 


Why should you worry too much. In this case it was 
the shape he worried about. Could we make it, and 
when it was made, could we transport and erect it? 
Leave all that to us. That's our job, we told him. All 
our clients have to do is to sit back and congratulate 
themselves that they can buy fifty years of welding 
experience at a price no greater than anybody else’s. 


THOMDSON BR 
(BU.STON) \/ LIMITED 


BRADLEY ENGINEERING WORKS, BILSTON, STAFFS. 
"Phone : Bilston 41264-8 "Grams : Thompson Bros., Bilston. 





BROTHERS © 








for action... 


Perhaps you, too, are Planning for Action; 
engaged on engineering projects which 
necessitate the use of more and yet more Spring- 
operated mechanisms. Designers and engineers 
should consult Terry’s about these Springs—preferably while the job is 
still at the drawing-board stage. Terry’s Research Department, backed 
by 88 years of accumulated experience, is at your dis- 
posal. Errors must be avoided, certainly 
maximum Spring efficiency will be 
secured, if you consult Terry’s in time! 


ri, 5 
TERRYS 
hr SPRINGS 


HERBERT TERRY & SONS 


Also at London - 


LTD., 
Birmingham 


REDDITCH 
* Manchester 


ENGLAND 





Tynes are scarce—so remember 
never to brake suddenly unless in the 
gravest emergency. Apart from wear 
and tear to tyres remember, too, that 
sudden braking puts a colossal strain 
on your brake lining. Imagine the 
destroying heat that is generated within 
the brake drum. To stand up to these 
conditions, it was vital to discover a 
material which would irrevocably bond 
the asbestos strips that form the brake- 


lining. Isn’t it significant that Bab 
Cement is chosen to-day for thig 
pose? Just another instance of thei 
ability of Bakelite Plastics for a gp 
purpose. Most forms of Bakelite Pig 
are only available to-day for priori 

and our wartime experience has 

us much which manufacturer 
many industries can turn to j 
account when we are able onceg 
to tackle peacetime problems. 


BAKELITE LIMITED, 18 GROSVENOR GARDENS, LONDON, S.W.I 4 


TREFOIL 


BAKELITE ®& PLASTICS 


REGD, TRADE MARKS 


Pioneers in the Plastics World 





The King Eleg 
Chain Pulley Bio 
made for conti 
duty in handling! 
light and heavy | 
Safety Limit Swif 
Push Bul 
Control, © 
smooth eff 
action niaKe 
King Bh 





CHAIN 
ULLEY BLOCK 


Write for informative booklet on e 
Lifting and Shifting. 


GEO. W. KING LTD 


HARTFORD WORKS: HITCHIN- HERTS HITCHIN 960 (10 LINES 


WKY WSs M 





MANCHESTER CENTRAL NEWCASTLE GLASGOW, DOU 
3947 34196 2798 -9 
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REGISTERED 


“TEXROPE _...... Clarke..Cha : 
pma 
V-DRIVE Marine Auxiliarie 


| LEADING FIRMS SPECIFY “TEXROPE” DRIVES | 


(Above) One of 3 Electrically-driven (Below Electric Worm-geare 
Worm-geared, es ee Aft Casetan with emergen 
: s Winches, each lifting 3 tons at 1 steering drums. Working pull 
140 H.P. “TEXROPE” DRIVE FOR THE GAS LIGHT. & COKE CO. feet per minute. 3} tons at 50 feet per minute. 


@ MANUFACTURED AND SUPPLIED BY € 


eux WIGGLESWORTH *: 


we-er-6) SHIPLEY, YORKS. «cues Shiney” 


| “TEXROPE” CATALOGUE SENT ON REQUEST 


ranes 


We illustrate below one of 2 Electric Hoisting and Slewing Winches each wit 
a lifting capacity of 3 tons at 100 feet per minute, and slewing 1} tons at & 
feet per minute, With built-in motor, and silent-running worm ge: 


CHARGING 


BOGEY HAULAGE 





GEAR 


Seige by kind permis- 
sion of “The Motor Ship.” 


& BROS 


Primus: CLYDE, CRANE & 800 RANE WORKS| CLARKE, CHAPMAN & Co. Ltd., | X croc: 


illustra. 


TEMPORARY LONDON OFFICE : with ove together 


n electric 


Telephone: PUDSEY 3168 (2 fi 
Wi 
EY - LEEDS) 29, Castlebar Rd., Ealing, W.5 candy ingsis “| 


Telegrams: “CRANES, ROOLE 
Phone : Perivale 2254/5. Grams : Cyclops, Phone, London | ¢," @, Chapman & 
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DAWSON & DOWNIE, L”leparron 


Elgin Works, CLYDEBANK | - FOR STEAM 


PU M PS) cranes 


FOR ALL DUTIES Established 1880 
‘MOTOR OR STEAM DRIVEN Telephone: 
. BEDFORD 2490 
PATENT \%, Telagpiaie' 
DIRECT-ACTING “s GRAFTON,” 
BOILER FEED PUMP BEDFORD 
ROTARY PUMPS 
DUPLEX PUMPS 
VACUUM PUMPS 


Illustration shows our Hor. 


>» PUMPS CLYDEBANK 
= 92-93 CLYDEBANK 





GRAFTON CRANES Ld. Bedford 
CRANKSHAFTS 


° ‘ MACHINED COMPLETE 
Economise power by using @ All types of forgings 


@ All special steels in stock 
the correct gear for your Wincavenk ‘Stes! Works,  SHEFHELD. 
particular drive. RSs 

B If in doubt let us advise you. S . S E 4 0 


AUTOMATIC STOKERS 





FOR LANE WORKS, SALFORD 6, LANCS 


SPANNERS 


= Large Stocks 
of all 
Standard Sizes 


Prompt 
Delivery 
of 


Special Sizes 





=a SEND US YOUR 
NEXT ENQUIRY 


JAMES WILEY & Sons 
Ltd. Darlaston 


Phone: 92 (4 lines). Grams : “Wiley, Darlaston.” 
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2 oz. to 2 ewt. to Client’s specifications 
See our Advt., page 29, Nov. 19th. «& 

CHAS, S. MADAN & CO., LTD., 

BROADHEATH, ALTRINCHAM, 












DAVIES % METCALFE L*° 


Injector Works, 
ROMILEY, near MANCHESTER. 
Specialise in 
INJECTORS and EJECTORS 
of all classes. 














JAC 


JOSEPH Adamson & Co.Ltd 


os 











MICHELL BEARINGS, Ltd., 


ENGINEERS & MANUFACTURERS OF 
Michell Thrust « Journal Bearings 


Registered Office & Works: 
South Benwell, Newcastle-on-Tyne. 















fap: ‘WORTH’ 
as, PIPE UNIONS 

SBE xy, fOr Steam, Water, Oil or Gas 
E hy NEVER LEAK. 

Walter & Co., Ltd. 

Railway Works, KEIGHLEY. 














HARD CHROME DEPOSITED 


ON OOLS; GAUGES, JIGS and 
WORN MACHINE PARTS 
DEPOSIT FROM -0002 025 


TETAL & PLATING WORKS, Ld 


Row, Lo io N 











KEELAVITE 
— HYDRAULIC DRIVES — 
ROTARY AND RECIPROCATING 
— VARIABLE SPEED — 


KEELAVITE ROTARY PUMPS AND 
MOTORS LTD., ALLESLEY, COVENTRY 





ARE 


BEA UM ON T 


VITALLY 







DRAG SCRAPERS 


IMPORTANT 


to buyers requiring simple and economical coal 
handling systems requiring minimum man power 
to operate and maintain the plant. 


No structure is necessary over the storage area, 
as the rope is the only connection between the 
tail car and front post. The site may be level, 
undulating, of almost any shape, and furthermore, 
a number of available areas may be utilised by 
making the plant mobile. 














INTERNATIONAL 


COMBUSTION 
LTD. 


Nineteen Woburn Place, London, W.C.1. 





























IN NON-FERROU: 
CASTINGS oF 
, every descripti: 
sti BILLINGTON 
& NEWTON 

LONGPORT, 


Staffs. 

















FOLLSAIN 


HT 


IMPREGNATION PROCESS 


Resists oxidation at tem- 
peratures up to 1000°C. 
and sea water corrdésion 































JOHN SHAW L"™?: 


Yorkshire Wire Rope Works, 


SANDY LANE, WORKSOP, NOTTS. 
"Phone; 2279. 


38, CHURCH STREET 
"Phone: 21238, 


*Grams : “‘WIROPE.” 


SHEFFIELD OFFICE - 
"Grams: “ SHAW.” 











CLEANS AND TERS ALK DE 
METALS IN ONE OPERATION 
THOMAS U BISHOP LTD 


9 ARTHUR FD 











FOLLSAIN 


EVHI 


CAST ALLOY 


Resists creep and oxi- 
dization up to 1175°C. 


























FOLLSAIN 


CY 


ALLOY CASTINGS 
Resists abrasive wear 
Cheaper than manganese 

steel 


























REG. TRACE MARK, 


FOLLSAIN 
METALS LTD. 


FOLLSAIN 


EVSS 


CAST ALLOY 





































LUTTERWORTH, Resists corrosion 
near RUGBY 














Teleghone. . . « « « « LUTT H 10 
+ « « « PENETMETAL, 


















HEENAN & FROUDE 
ENGINEERS WORCESTER 





LIMITED 
ENGLAND 























WEIGHBRIDGES AND 
WEIGHING MACHINES 
New designs at competitive prices 


E.. A. ASHWORTH L"? 


Crewn Works, Stainclife Ad DEWSBURY 


ings and Spring Washers 
For ENGINEERING PURPOSES 
Manufactured by 


JOHN TONKS « Co. Lea. 


Central Spring Works, 
Furnace Hill, SHEFFIELD, 3. 


Telephone: 24679 SHEFFIELD. 
Telegrams: TONKS, SHEFFIELD. 





























Electric Cranes 
of every type 


ROYCE LTD 


Loughborough 


e { 


\a 


R. GOODWIN © SONS (excirecesy L 
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The “‘ Greenbat ” Bar Tiering Truck shown above illustrates the way in which such 
awkward materials as coiled wire can be handled. Tyres and a number of other 
annular objects can be picked up, carried, set down, and stacked quickly and cheaply. 
The “ Greenbat ” Tiering Truck can be supplied with platform loading space for 
boxes and cases of all shapes ; it will handle sheets of cardboard, tinplate, asbestos, 
and many other flat materials. In fact, it is true to say that a “ Greenbat ” is ideal 
for any material which can be stacked. 
The electric battery operating “ Greenbat ” is safe and speedy ; there are no fumes, 
no risk of fire. 











“TURN- 
ROUND” } 
with the aid of 
MODERN 
ELECTRIC 
CARGO 
CRANES 


aiatomarye me, oy | 
<==| STOTHERT & PITT L° 





ABBEY [911 (3 lines) 


STOTHIONDON Telephone: BATH 2277 (4 lines). BATH, England ‘Seana Stothert, Bath. 
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NE of the greatest paradoxes of WAR is its inspiration 
ards unity. 
th in politics and industry, we find new strengtf in 
r ability to co-operate. Commerce calls a truce to 
competition. So we devote our output to war require- 
¢ ments. We plan for victory. The Venus Pencil Company 
now confines its production to standard lines—War Draw- 
ing, Utility Blacklead, Copying and Coloured pencils. 
In ancient Roman days, Victrix and Venus reigned succes- 
sively as goddesses of victory and love—Victrix in war— 
Venus in peace. In our day too, when peace comes, may 
Venus, and all that the name implies, reign supreme again ! 


PEN. CIiItLs 


VENUS PENCIL CO., LTD., LOWER CLAPTON ROAD, LONDON, E.5 
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PNEUMATIC TOOLS 


THE GLOBE 
PNEUMATIC 
ENGINEERING 
Co. Ltd. 


Head Office: 
LOWER WILLINGDON, SUSSEX 


Phone Wire: 
POLEGATE i92 PNEUMATOID, EASTBOURNE 
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JOHN STIRK & SONS LTD. HALIFAX be 


THE PIONEER PLANER PEOPLE PHONE : 3234, 





muses TOOLS LIMITED 


sore acenrs BURTON GRIFFITHS & Co. 4.7 BD. 
BIRMINGHAM - ENGLAND 
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# Phone: 263:! (I5lines 
Grams: Forward Sheffield 


ALBION WORKS. 
SHEFFIELD. 


| RIVES 


Catalogues giving DIXEL ROPES have high efficiency and low 

full particulars of —§ maintenance cost. Short or long centres. Endless 

all our products = or with fasteners. 

and containing in- 

Ciiniidecniy bake DICKROPES moulded rubber Vee ropes, robust 

sid: reid. ans construction which gives long life. All standard 
sizes from stock. . 


DIXIT BELTS designed for high speed drives. 


Made endless or with fasteners. 

RUBERIX BELTS, woven from Filastic thread. 
Open belts or woven truly endless. Have high 
frictional grip. 

DIXADD BELTS, extra power per inch width, 


for use on high ratios without tension pulley. Short 
centre drives. 


—— Dene me 
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“CLEAR SPACE” 


PNEUMATIC POWER HAMMERS 
for smithy work of any kind. 
SIZES :—2 CWT. TO 40 CWT. 


Good visibility; any amount of “clear space” 
round the palletts; totally enclosed working 


parts; automatic lubrication; automatic blows; 
“single” blows of any desired force and for 
each of which a separate movement of the 
controlling lever is required—these are some 
of the outstanding features of the latest 
Massey “CLEAR SPACE” Hammers. 


Leaflet 4600H gives full particulars. May we send 
a copy? 


ASSEY I"? 


MANCHESTER. ENGLAND. 









te DURABILITY of a Sy 
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““a LL ROADS lead to Rome,” 
said the legions under the 
eagles, as they built these great 

walls of British stone nearly twenty 

centuries ago. 





“ And further,” say the men who 
work in British metal, in British 
factories to-day, to speed and equip 
our own legions on their way to 
Victory. 











W. P. BUTTERFIELD LTD. 


HEAD OFFICE: SHIPLEY, YORKS. 
Telephone: Shipley 851 (5 lines). 


London: Africa House, Kingsway, W.C.2.- 
Telephone: HOLbofn 1449, 


Cyreetings and Cyood (Wishes Se. Seco 
a confident and productive ONew Year 


QUICK DETACHABLE CONNECTORS 


Good ground connec- 
tions promote welding 
efficiency by avoiding 
shorting and ensuring 
a steady arc. 


LINCOLN Quick De- 
tachable § Connectors 
save time, provide com- 
plete insulation, carry 
high currents safely and 
eliminate arcing at the 
connection. 


These and other 
welders’ accessories are 
important for increased 
welding efficiency. 


Fill in the coupon now. 


To the LINCOLN ELECTRIC CO. LTD. 
Welwyn Garden City, Herts. 


: Please send me free and post free your Welding Accessories 
] Brochure. 

1 

| sat 

' Position 


E WORLDS LARGEST MANUFACTURERS; ~ 
F ARC WELDING EQUIPMENT & ELECTRODES | oa 
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CLECO 


PNEUMATIC 
VERTICAL ROTARY SANDERS 


af tse and many cther “ CLBOO™ Bpectaites 


The No. 1845 Sander 
has a single rotor 
. with four blades. 
Fitted with speed 
control governor and 
a ons 9 
tion. Has as 

4,300 r.p.m.; weight, 
12 Ibs. Can be fitted 
with a 9 flexible 
pad for abrasive disc. 


Sanders can be fitted 
with an _ abrasive 
wheel and adjustable 
wheel guard for sur- 
facing steel sheets, 
bars, etc., and can 
also be fitted with 
wire wheel brushes 
for removing rust, 
scale, paint, ete., 
from metal surfaces. 


John Macdonald & Co. 


(PNEUMATIC TOOLS) Ltd. 
POLLOKSHAWS — GLASGOW 





Craven Bros. Crane Div 


WOOTTON BROS,, ITD, 


COALVILLE, NEAR LEICESTER. 
Telegrams : mune ane 
Brickworks Plant. 


_CLAY-WORKING 5 PLANT. 


General Millwrights. 


Capstan Work 
Repetition with a Reputation 
TR UTON E PRODUCTS ee 


39 EYRE s SHEFFIELD. ! 

















WORM AND SPUR GEAR DRIVES 











AB those interested in power transmission 
should write :— 


BRITISH TWIN DISC 
AND CLARIFIERS LTD. 
Aldwych House, LONDON, W.C.2 














e Cutting-off Machine. Drilling. 
‘Engraving. _ Filing. Grinding. 
Key-seating. Lathes. Milling 
Machines. Planing. Riveting, 


Sawing. 


“Serewing. Shaping. 
Slotting 


EDWARD G.. HERBERT LTO 


LEVENSHULME 


MANCHESTER 19 








| CONVEYOR 
SPECIALISTS. 
| SINCE, 1906 


& CO. 5) 


Cat 
Hodgson Street, 
SHEFF bet D 





THERMOSTATIC VAL 
for oitiie 
CONTROLLING STEAI 
SUPPLY TO HOT WATE 

~ CALORIFIERS, Etc. 


The : 
HORNE ENGINEERING Co, . 
35, PITT STREET, GLASGC 
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3” -size 
Bolt Screwer. 


Made in 
five sizes. 


PECREWING 


MAIDEN & CO., LTD., HYDE, CHEs. 


MACHINES 


8” size i 
Tube Screwer. Gaus 


Made in 
five sizes. 


NATIONAL EMERGENCY! 


Valuable time may be lost if breakdowns 
occur due to the use of inferior packings 


“LION” PACKING has a world-wide 
reputation for Quality & Dependability 


WRITE FOR CATALOGUE Ne. 1.2 


“LION” WORKS, WOKING, —, 
‘Phone: WOKING 2432 (6 lines). "Grams: 








DEI 


ETS TSIS Tal 
<x 


WEA DARA 


R. WHITE « SONS 


ENGINEERS 2 
> 


WIDNES, LANCS. INA 


AERIAL Ra PONT & 


STEEL RAILS & ACCESSORIES 
FERRO-CONCRETE SLEEPERS 


RAILWAY SIDINGS 


EQUIPPED AND LAID COMPLETE 


} AUTOMATIC TIPPING WAGONS WITH | 
AUTOMATIC GRIPPERS FOR WIRE ROPE HAULAGE 


TNS 
| 











Registered Trade Mark 


TOTALLY-ENCLOSED 


SURFACE-COOLED 
MOTORS 


THE NORMAND ELECTRICAL COMPANY LTD. 
North Street - Clapham Common * London, S.W.4 


Telephone: MACaulay 3211/4 
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BIBBY COUPLINGS 


_FOR EVERY DRIVE 


THE WELLMAN BIBBY Co. Ltd 
VICTORIA STATION HOUSE, VICTORIA STREET, LONDON, 8.W.1 
Telegrams: “ COUPLINGS, SOWEST, LONDON” Telephone: VICTORIA 7752 














g £,D 


3p : 


| N. DU et \/ 
DEMANDS’ SPEEQ IN 
eC Ota) tODUCTION 


A jiof “er ere ay ee 
laf ENSURES IT 
en gorge. 


@ EVEN DEVELOPMENT ALWAYS, NO BROKEN LINES 
@ SAVING OF TIME DUE TO SPEEDY OPERATION 


OZALID SOMPANY LTD 
AN ALL BRITISH ORGANISATION 


Heed Office 


7 BIRCHIN LANE, LONDON, EC3 
MAIN WORKS . 19 QUEENSWAY, — MIDLAND BRANCH, UNITAS HOUSE, 
PONDERS END, MIDDLESEX 24 UVERY STREET, BIRMINGHAM , 
Agency Stockists in 
MANCHESTER ct) 


IN 


GLASGOW MEWCASTLE & CARDIFF 











WELDED TANKS 


Vessels of all kinds for 
Storage, Pressure, Chemical Processes, etc. 


Welded in Mild Steel, Aluminium Stainless, 
Copper-bearing Steel, etc. 


Galvanized Tanks, A.R.P. Covers, etc., etc. 


Telephone : 
1850 
(3 lines). 


Telegrams : 
Jenkins, 
Rotherham. 


IVANHOE U/OKKS SOTHEXHAM 


7. /890 


149, ABBEY HOUSE, VICTORIA ST., S.W.1. 


Telephone: ABBEY 6327. 


London Office : 

















GAS WORKS EFFICIENCY 


INSTRUMENTS 
rko SHOW THE WAY 


Instant knowledge of 

Gas or Air Flow conditions, 

Pressures or Vacua, Flow of Liquids, 

etc., can be obtained by installing 

ARKON Recorders or Indicators in 
your Plant. 


ARKON Instruments have been 
widely used in scores of Gas Works 
all-over the world. They have 
helped Gas Works Engineers to 
improve working conditions and to 
increase efficiency and output. 


Ask for new instructive Book- 
let on the efficient use of 
ARKON Instruments in Gas 
Works, which is obtainable 
upon request. 


WHADDON WORKS, 


lelep! ( 


WALKER, CROSWELLER 
E CO.,LTD. 
CHELTENHAM. 


ne-‘CHELTENHAM 5172 INSTRUKEMI 








THE ENGINEER ae 











ioe 














DARWINS 


MOREX 


46 type of Molybdenum lungsten 5 


HIGH SPEED STEEL 


The original 4-6 type 
of molybdenum high 
speed steel, now 
universally accepted 
as the most efficient. 
We have the longest 
experience of this 
type of steel, its 
treatment and 
performance. 


DARWINS 


905 


The. original cobalt- 
tungsten high speed 
steel, improved by 
intensive research. 
Adapted for heavy 
work on difficult 
materials and with 
extraordinary 


endurance. 





DARWINS 


1ki-1-) 


COBALT-TUNGSTEN 
HIGH SPEED STEEL 


The highest grade of 
high speed steel 
containing very high 
percentages of alloy- 
ing elements. Meets 
the requirements of 
the heaviest produc- 
tion on modern 


machine tools. 


DARWINS ...&., TOLEDO 


«ANDREWS TOLEDO LIMITED 
SHEFFIELD 


DARWINS LIMITED 
HIT7ZWILIAM & TOLEDO STEEL WORhS, 











SHEFFIELD 


C.F. 12 


EXPORT DIVISION DARWINS TOLEDO OVERSEAS LIMITED 
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STEEL CASTINGS 
AND 
FORGINGS 


of all types for marine, railway, 
electrical and general engineering.work 
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THE DARLINGTON FORGE LTD 


DARLINGTON ENGLAND [& § 


= ~~ -- 
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: Illustration shows “Keith” Fan, “KB” Air Heaters, Filters and Washers, installed for Air Conditioning. 


If it’s HEATING, VENTILATION, DUST EXHAUST, INDUCED DRAUGHT, DRYING, 
FUMES REMOVAL, FORGE BLOWING, CUPOLA BLAST, FURNACE BLOWING 
—or any other proposition involving movement of AIR or.GASES, consult us. 





Keith BLACKMAN 





MILL MEAD ROAD, 


\ ve rors aca’ AND ALL ANCILLARY EQUIPMENT. 


"GRAMS: KEITHBLAC, PHONE. LONDON” 





bh) 
8 


tanks ie the making... 


Tanks i i i 
a —— for every kind of Unit are safely and speedily 


constructed with. the aid of Heywood cranes. In Kipling’s 
words, they ‘‘fill the unforgiving minute with sixty 


a ; SS ty ~s - 
‘eS a Lg - : = wae 41% seconds worth of distance run.”’ 
~~ bs or a “. . 
wall HEYWOOD 


give your production a lift. 


S.H. HEYWOOD & CO., Led., REDDISH, STOCKPORT, ENGLAND 


dm. 956 


ALTHOUGH our war-time activities 
allow us only to supply priority 
orders, it is worth remembering that 
GENTS’ of LEICESTER were pioneers 
in the Electric Clock Industry and 
have been making Electric Clocks 
since the beginning of the century. 





OF LEICESIER 
PUL-SYN-ETIC ELECTRIC CLOCKS, eas 
SYNCHRONOUS CLOCKS, 


TIME DISCIPLINE APPARATUS, ETC. GENT & CO., LTD., Faraday Works, LEICESTER. 
Also at LONDON * NEWCASTLE - ON - TYNE 
GLASGOW e BELFAST P DUBLIN 








Compact, portable, with 


; TOS J ON Sp 
éarphones. An out- A — _ 
standing success. Saves \ j 9, 
* precious cable and pro- . / 
‘4 duction delays. Quickly : 
\ pays for itself. Ask for \ 

pempliet 627 fe Johnson’s Wire Guards 

ee / provide the utmost pro- 

" : : tection to your personnel 
and plant. The more diffi- 
cult your “guarding” prob- 
lems, the more necessary 

‘it is that-you should call 


BY THE ) 3 upon long manufacturing - 
a experience. Designs, sug- 


BREAK a || SS 
Roley.wie) = aR JOHNSON. CLAPHAM € MORRIS LTD 


BRITISH CENTRAL 
ELECTRICAL CO. LTD. 


EBERY AVENUE, LONDON, £ ERMINUS 2525 ——, —_ — 
7 Emergency ‘London Address: 77, Jersey Road, Hounslow. Tel.: Hounslow, 3784, 
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'S TRONGS 


—_——— REAMERS ——— High-speed TWIST DRILLS 
END & FACE MILLS MILLING CUTTERS, &c. 


STRONGS BRITISH TWIST DRILL CO. LTD. Worthing Road, SHEFFIELD, 9 
Telephone: 26587-8 Sheffield BRISTOL Telephone: 64251 (3 lines) Telegrams: Strong Sheffield 


Heap’s Patent Screwing Machines 
with Tangential Dies 


They are designed from beginning to end as high-clase Machine Tools and embody 
features not found in any other make of Screwing Machine. 

The Die Head is of our own Patented Design. 

All parts of the Head and also of the Die Holders which are liable to wear are of 
Hardened Steel. 

The wall of metal which surrounds Die Holders solidly supports them, and also 
eliminates the danger of the Operator being caught by protruding Die Holders. 


The four-throw cam is fitted with Hardened Steel Stripe. 
The Hardened Steel Contact Blocks of the Die Holders bear for their full width 
on the Cams. 


These features render the Die Head when closed as rigid as a solid Die, and enable 


Catalogue free on request. us to guarantee the Heads to screw perfectly parallel and uniform thseads. 


Joshua Heap & Co., Ltd., ASHTON-UNDER-LYNE, 


COPPER AND BRASS TUBES 


MANUFACTURED TO BRITISH STANDARD SPECIFICATION 


FOR 


eee NG PURPOSES 


ND 


WATER SERVICES 


The WEDNESBURY TUBE C9 [> 


BILSTON, Statts. 
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BR rISH ROPEWAY ENGINEERING CO., LTD. 


P.O. Bex, PETERSFIELD, Hants 


: Ldas 826 (8 lines) 


Telegrams: Boxhauling, Rake 








H Raviation’ 
' Worm ICING 
Teas: - 


OK, Catalogue 
G.348. Copies on 
request. 





» 


Crofts Worm Gear Units com- 
bine highest standards of design 
and manufacture with the latest 
practice in Worm Gear develop- 
ment, they can be relied on to 
run quietly for longest periods 
without undue attention and 
to give long trouble-free service, 
even under most exacting con- 


——f. ditions. 


We manufacture all classes 
of industrial Gear Units ; 
will be pleased to con- 
sider customers’ inquiries 
and to put forward the 
most suitable type and 
size of Gear drive to meet 
specified conditions. 


(@ =e Renn, b-4-5-5- 9 on ey 
BRADFORD enctanp. 


LARCEST MAKERS OF INOUSTRIAL GEAR UNITS 








FOR PREVENTING EXTERNAL 
WASTING OF ECONOMISER PIPES 


Particulars po Prices on application to 


BOILER & General Insurance Co, Ltd. 


Sales Department 
ST. MARY’S PARSONAGE, MANCHESTER, 3 














How much coal 


can you save 2 








Make it your immediate business 
to find out. Our Laboratory and 
Combustion staff will help you. 
We will co-operate with you in 
analysing and eines upon the 
particular fuels which, because of 
the adverse coal situation, you are 
called upon to burn at the present 


time. We shall be pleased to help 


Type of boiler 
Diameter 

Working pressure 
Type of economiser 


Feed-water temperature 
No. of hrs. steaming per week. 
No. of boilers steaming per week... 


Present fuel consumption per week 


Name and class of fuel 


in every way in the production of 
cheap steam or hot water. Com- 
plete the form below and return this 
to us so that we can report upon 
your boiler plant, and let you have 
preliminary proposals éastthiiting the 


economies possible and the advan- 


tages to be derived from the applica- 





tion of “Bennis” Mechanical Stokers. 


To BENNIS COMBUSTION LTD., LITTLE HULTON, BOLTON 


Please supply a report on the following boiler 
plant, together with your preliminary proposals, 
to effect greater savings and higher efficiency 


Type of draught (chimney, forced, induced) 


Present type of furnace and method of firing 
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RICE-Hydraulic Machine Tools 


Makers of Pumps, Accumulators, Riveters, Presses for flanging, Lead 
pipe extrusion, Baling cotton, wool, light steel scrap, etc., etc. 














UNSURPASSED FOR RIVETING, FLANGING, FORMING, OR 
ANY PURPOSE FOR. WHICH HEAVY PLATES, SECTIONS, 


ETC., HAVE TO BE MANIPULATED. AND FORMED. Press portaneing vate plates on + Prevressing 
system. maching 
adaptable for many y ey operations 


RICE & CO..(Leeps) LTD., ELLAND ROAD, LEEDS || 


Telegrams : “ Press,” Leeds. Codes: ABC, Sth and 6th ED. Telephone: Hunslet 75305 
LONDON OFFICE: 49, QUEEN VICTORIA STREET, E.C.4 Telephone: CITY 7546 


PECKETT & SONS, L™ Bristol 


TANK 
LOCOMOTIVES 


of all Descriptions, and any- Size or Gauge 


FULL PARTICULARS ON APPLICATION 
































COMPANY LIMITED, 
DARNALL, SHEFFIELD. MACHINE TOOLS 


T h wy WIRE ROPES FOR ALL. SCRIVEN & CO., 


ise@p ATI ane; YORK STREET INONWORKS, LEEDS 
Acro 
om 1) CO)» 


mn \\ SHEFFIELD WIRE ROPE SCRIVEN 




































































W. BARNS & SON 


Glebe Werks, Queensiand Rd., HOLLOWAY, Lendon, N.7 


BOILER | ——EE 


GRAVITY FED, 
GIVES CONTINUOUS 
CENTRAL HEATING 
EFFICIENTLY 


No Mechanical Power Required 








Manufactured by 


CHARLES MCNEIL LIMITED Sten pee 
KINNING PARK + GLASGOW SL WORM, SPUR, BEVEL, 
HELICAL, SPIRAL E'S 








BRITISH CUTTING GASES, LTD., 2 
iT] PYROGAS ] SPARTAN WORKS, CARLISLE STREET, ee Consult us on any Gear Problem tm 
SHEFFIELD, 4. LLEWELLINS MACHINE COL 


; Depots : 0h 
wells assseg LONDON, MANCHESTER, SOUTHAMPTON, BRISTOL 
Immediate Repair Service. j ewcaSsTLE.ON-TYNE, GLASGOW, LEEDS, &c 
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Spur or Helical Geared to the specific requirements of 
our customers 


Units ZA Makers of all types of repetition 
with or without internal products from the bar in all metals 


clutches or otherwise specially M-C-L ana REPETITION LTD. 
designed to your requirements PoolLane- La : 


Send full particulars of 
your requirements to 


Alfred Wiseman & Co, Ltd. 


i aa BIRMINGHAM G EI PE = — 


WILLIAM GEIPEL LTD., VULCAN WORKS, BERMONDSEY ST., S.E.1. 
































IMPROVED SELF- 
CLOSING BOILER 
STOP VALVE 


(Cockburn-MacNicoll Patent) 


The Only Self-Closing Valve in the World that satisfactorily 
combines Efficient Self-Closing with External Indication 
and Control. 


1 
IMPROVED HIGH LIFT 


ae Te COCKBURNS LIMITED = “"wni‘Eanciyney vave 


(Coekburn-MaeMicoll Patent) (Cockburn-MacNicoll Patent) 
_ Approved at 50% reduction in CARDONALD " GLASGOW. Throws light duty on Governor. Simple 


Area of Ordinary Safety Valves. Pere : Govan 2801s (2 how, yw ehh A a and most effective combination in the world. 
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AUCTIONEERS & VALUERS 


AUCTIONEERS & VALUERS 


AUCTIONEERS & VALUERS 


AUCTIONEERS & VALUER; 9 





ESTABLISHED 1807 


FULLER 
HORSEY 


SONS s CASSELL 






Speciali 


SALE AND VALUATION 


WORKS and MANUFACTORIES 
ENGINEERING PLANT 
and MACHINERY 


MICHAEL FARADAY 


AND PARTNERS 
(Bet, 1896) 


Surveyors, Valuers 
and Auctioneers 
of 
IRON & STEEL WORKS, 
COAL & IRONSTONE MINES, 
ENGINEERING WORKS, 
OIL REFINERIES, 
CHEMICAL WORKS, etc. 
for 
WAR COMPENSATION & DAM- 
AGE, RATING, INSURANCE, 
DEBENTURE SECURITY, 


HENRY BUTCHER 
Aiosblka cae Surveyors 
and Valuers 





Specialising in the 
SALE & VALUATION 
of 
ENGINEERING & ALLIED WORKS 


PLANT AND MACHINERY 








WHEATLEY KIRK, PRICE & ¢ , 


(ESTABLISHED 1850) 


VALUATIONS 
OF 


WORKS and 
MANUFACTORIES 
PLANT and : 

MACHINERY 
and EQUIPMENT | 












Temporary Address : 











10, BILLITER SQUARE, | MORTGAGE, INVESTMENT | 73, Chancery Lane, London| 38, OVERDALE AVENUE 
LONDON, E.C.3 (PUBLIC ISSUE) PURPOSES, C2. 
pence ae. 40, Brook Street, and at 16a, The Promenade ; 
AND AT ol Hale Lane, Edgware, Middx. Telephone : MALDEN 2704 
ie: hs Grosvenor Square, London, W.1 ap Aa pe 
Telephone : Pinner 6260 Felegrame: Geatrace, Weedon ‘Londen EDGWARE 8121 § Eee) 51, GRAINGER ST., oe 
x-teonin ee ee LEOPOLD FARME 
VE 
TWO, 208 tubes, 260 Ib ve. OHN CASHMORE, LTD. SELECTIONS 
ONE 2p tubes, 38 Acptall and Get An, Motordiven | “FROM OUR LARGE STOCKS & SONS 
ONE, 128 tubes, 185 Ib. We: Hee 7h 4 : 
All Dy Green's, of Wake: arst-class con- | Head LATHE, st, between centres, i2 opindle | STEINLE doin; swing Ficary-Duty Turret Lathe, | AUCTIONEERS, VALUER 
dition. Low peices. Installations delivered and —_.. aft. éin. RADIAL DRILL, low base, HERBERT pollew spindle, fo for ator drive. aa AND SURVEYORS 


erected co! 
BURFOR q 1 AYLOR and CO., Ltd., Com- 
mercial Street, Middlesbrough. eee 2622. 
G 








'O Gas-Heated Hot Plates for Lacquering, 
Tag mounted on legs, size of plates 24in. 


VEORG MANN Tinplate Printing 
Machine double le dem size, 


rinting surface 

36in. by 25in., pei + ahess feed, com- 
lete with © loeeaer prey sheet delivery, 
no ioe . Quantity of spare rollers. 


Wi 4 ‘ 

powet Rolling Machine, double-sided, for 
cycle pine or other sections, two rolls 3in. 

a worm gear drive, driving 


ARGE Selection of Tinmen’s Standard Bend- 
ing Rollers from 12in. to 6ft. always in 


RAUSE — Lever Gold Blocking Press, 

a gy daylight 2in., gas- 
ted top Dis ten 8fin. by 7in., with slide-out 
pints ony by ae adjustable bottom platen 
y 7% A with slide-o plate. 

Y Hand Lever Ratchet Action Two- 
ad Screw Veneer Press, steel con- 
struction, between uprights 33?in., maximum day- 
light — stroke 18in., dia. of screw 3 13/16in., 
30in. by 394in., bottom platen slides out. 
CMa and DONALD Double-Geared_Four- 

:. Bay ome and Straightening Rollers, 
—_— motor drive, mounted on sole 


plate, i oh Ay rolls 54#in., capacity 8 gauge. 
eight 2 tons. 
MACHINE LS, NEW AND USED, 
Of Every Description. Attractive Prices. 
(Machine Tool Control Licence No. 172.) 


F. J. EDWARDS, Ltp., 


359-361, EUSTON ROAD, 
LONDON, N.W.1. 
Telephone : EUSton 4681 (12 lines). 





R SALE, LEVELS, THEODOLITES, 
DRAWING INSTRUMENTS, SECOND-HAND. 
CLARKSONS, 338, High Holborn, W.C.1. 
(Opposite Gray’s Inn Road.) Ex. 





| - SALE, 30in. by 72in. TWIN-CYLINDER 

ING EN ENGINE, “by Lillesball, with 

conical drum 16in. 3in. dia. at sides, 17ft. lin. 

dia. at centre, 5ft. 4in. wide, double post 

brakes, having Cornish drop valves, ae trip 
steam and steam 





OING DOWN. 

There were FOUR. Now there’s only 
THREE. 

(1) Two 100ft. by 5ft. (one with cracked base 
You'll have to invent £20 or so to repair it). 

(2) One 90ft. 

We've got two ett, _ of 32in. dia., with 
Cowls. Also two 13ft. of 20in. dia. 

ESERIN (STEEPLEJACKS), Ltd., Great 

Castle Street, W.1 (LANgham 1071 and z15. 


Spencer - Bonecourt 
Patent Waste Heat Boilers 





es | arm, motor driven. 

Conrad Ryerson Alli-geared PLAIN 
MILLER, table 58in. by 12fin., 12 spindle 
speeds, single pulley drive. 

No. 3B Milwaukee 


PLAIN MILLER, 
table 54in. by l4in., vertical attachment, with 
5 H.P. Mi 

sigan a 


5in. an table, motor drive 

ichards 36in. swing Vertical Duplex BORING 

MILL, gear-box drive to each table, five-sided 
Niles 53in. Motor-driven 
BORING and TURNING 

WORKS, ¢ GREAT Se STAFFS. 

TIPton 1101/3.” Licence No. 36. 


turrets. 
aes woes 
50in. dia 
table, two tool rams. 
EAGLE 
8760 Ga 





ONDON’S FINEST VALUE. — Second-hand 
and New yo - Wood ingyen 
———s and Chairs. 
Factory Stools, . 
(all sizes, best-known makes), 
writers (all makes). ng 8.300 2 
MARGOLIS BROS., Ltd. , Huston Road, 
N.W.1 (Phone,-EUSton 1325). 


THO* W. WARD LTD.|: 


DELIVERY FROM STOCK. 
No. 3 “‘ Cincinnati’? PLAIN MILLING MA- 
CHINE, table yore surface 48in. by 12in. 
with 30in. s, toe. traverse, 18 spindle speeds, 
16 feeds, 4-step one drive, back geared. 
9 “* Herbert 


MAC. 
‘table w.s. sobine by 12in., Lng 36in. long’l. 
oe 16 feeds, 3-step con’ ve, back 
No. 2M “ Cincinnati ” All-Geared PLAIN MILL- 
ING MA table w.s. 38in. by 1 

with 36in. long’l. traverse, long’l. power feed, 
12 spindle speeds, feeds tin. to 20in. per min., 





single pulley drive, 600 5 
18in. “* Butler”? SLO’ é MACHINE, with 
33in. dia. table, 


A.C. Motor by vee belts 
ty FACE GRIND = ed tSaow 


8 segments, arranged fo: 
single pulley drive, with 30 ELP. BT. 
Motor, 525 r.p.m. 
2lin. Centres 8.8. and 8 .C. A on ate, a. 


per cstechment, Shin. dia. 
hollow spindle, admit 10ft. between centres, 
motor drive H.P., 440-volt D.C. 
Motor, 600/1200 r. 
New ‘‘ Mercer ”” Model "500 BENCH DRILLING 
MACHINE, }in. PR my 15in. 
5 spindle speeds, 5000 to 450 r.p.m., electric 
equipment for 400/440 volts, three- -phase, 
cycles 





INSPECTION INVITED. 
We are — yr ond Licence No. 151 
from the Ministry of Supply 

Write for “* — Catalogue. 


*Grams, Forward, Sheffi 
Phone 26311 (15 lines). 
ALBION WORKS, SHEFFIELD. 





SPECIALISE in the SUPPLY of WORKS 
TEEL BARROW: 


EQ A . 
TRUCKS, SHOVELS, CROWBARS, HAMMERS, 
THER 


lah Ns HOSE, 





CKETS, LES, 
CANE ROPE and TOOLS OF 
ALL KINDS. Available oe a d06., bid. | 8 
only.—GEORGE COHEN, 80) 


ity, single pulley. 
No. iB Bae Turret Lathe, 2fin. dia. 


HERDER 
bar capacity, single pulley. 
DEAN, 8 and GRACE 12in. by 14ft. 6in. 


Lathe, 8ft. between centres 

BLAISDEI L l5in. by oe Lathe, 9ft. between 
centres, 2¢in. pe = ‘in 

LANG, sin. dia. s vy-Duty Surfacing 


pore Lathe. 

DIGRINSON ft. swing Sag pe hom samme. 
LUND 43in. swing Faceplate Lathes 

NEW Ans 4in. Precision Lathes 

ASQUITH .jo. 5 Morse taper Massive Head Drill- 


Machine. 
PRATT — WHITNEY No. 11 Multi-Drilling 


Mach: 

HERBERT Four-Spindle Drilling Machine, one 
spindle geared with auto. x 

aig ome and Two and Six- 


lachines 

‘NEY No. 18 Multi-Drilling 
Machine, with sixteen No. 2 Morse spindles. 

SIGOURNEY Three and Four-Spindle Drilling 


ines. 
NEW eevee Detven Bench and Pillar Drilling 


hines to 1in. capacity. 
BOLEY mest. Super Sensitive Bench Drills. 
SNOW Min. Table | Surface Grinder, with 220- 


volt D.C. equipm 
NORTON i6in. = by me0in. Min. Cylindrical Grinder. 
We are licensed by the “the Machine Tool aie 
Cine No. 172) for the purchase of all Cl 
f Machine Tools and we offer good pg for 
ft . Machinery in aay quantities, large 
small. 


F. J. EDWARDS, Lrp., 


359-361, EUSTON ROAD, 
LO} , N.W.1. 
Telephone : EUSton 4681 (12 lines). 
alae BOX STANLEY’S DRAWING 
metal 


and 7 a e.. Gran 
Address, P6541, Engineer Office 














*PHONE 98 STAINES. 
17 & 55. EP. Sapegel 2 TWIN DIESEL ENGINE ; 
ENERATIN' 





FOR HIRE 


FOR HIRE. 
Lister r_ Petro I Engines. Man and 
Rail or rubber carriage ae Height 

to om 


to Ce 11ft. 
10-cwt. 8 with 4 H.P. Lister 
Peet One. Ate ight 15ft. or with special 
™ COMMERCIAL STRUCTURES, Staffa 
Road, Leyton, E.10 (LEYtonstone 2 8b 








PATENTS 














32, Farringdon Street, London, E.C.4. 


a 


Contractors’ Tools Department. Nod 1 Lane, W.12 


lating to Nut Tapping Mac offer same 
for LICENSE or ot! to ensure “its — 

wo .. Great__Bri 

SINGER, EHLERT, STERN d 6 SERG, 
Chrysler Bldg., New York City, an lg te oaths 













Sales by Auction and Valuations ¢ 
PLANT AND MACHINERY 


46, GRESHAM ST., LONDON, 
Telephone: KELvin 2411 (5 lines) EC. 





MACHINERY, &c., WANTED 


War. CIRCLE - CUTTING MAC. 
suitable for ty press board ¢ 
6ft. dia. a: 7. ck, for 440 volts, three- bo 














50 cycles (B.T make). —Address, = The 

Engineer Ofce. 752 FP 
ANTED, 2in., 2tin., 3in. HORI. 

WwW peORGING MACHINES ei 


ES.—Address, 8753, 
8753 PF 





Wy4ar. STEAM TRAVELLING CRANE, 
7-10 tons capacity, 4ft. 7. gauge. Price 
and -_ > particulars.—Address, 8745, The Rast 









A= HERBERT, Ltd., Coventry, PAY 
BEST PRICES for SECOND - HAND 
MACHINE TOOLS in good condition by fint 








We are licensed by the Machine 
Tool Control for the purchase of all 
classes of Machine Tools, and we offer 
good prices for surplus Machinery 
in any quantities, large or small. 
(Machine Tool Control Licence No. 172.) 
F. J. EDWARDS, LTD. 
359, EUSTON ROAD, LONDON, | 
| 


"i 


Telephone No. ~ EUSton 468! (10 lines). 
Telegr : “8B ls, Norwest, London.” 








| 
| 
| 


| 
‘| 





o_ | Railway Switches & Crossin 


TURNTABLES WATER CRANES, T. 
BRIDGES, and ROOFS. 
TSCA Fe FOUNDRY COMPANY Lt Ltd., N » Mon. 
don Offices, 88, Victoria Street, 8.W.1 


CRANES 


GEORGE RUSSELL & CO., LTD., 
Motherwell, 




















BAXTER’S KNAPPING-MOTION 


STONE BREAKERS 


ARE 50% MORE VALUE. 
W. H. BAXTER, Ltd., LEEDS. 
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OF COMPANIES 


IMPROVED CENTRELESS 
BAR TURNING MACHINE 


fg" to 3" 
Capacities: { 1" to 4” 
(Qs"to 7" 
A machine ahead of all other types 
CAN BE SEEN IN OPERATION 
Apply to:— 


SIR JAMES FARMER NORTON 
& COMPANY 


1 
i 
1 
1 
! 


| 


_ 


Adelphi Iron Works, SALFORD, 3 


Our range of standard 
compressors contains a model 
to meet your requirements. 


FINAL PRESSURE from |5 
to 300 Ibs. per sq. in. 
CAPACITY from 150 to 6,000 


cubic ft. of free air per minute. 


Our long experience in designing and 
manufacturing air and gas compressors 
enables us to advise on associated prob- 
lems. This service is at-your disposal. 


We illustrate a | ,100 C.F.M. compressor 
final pressure /00 Ibs. 


BL 


“Bunt ro [ast 


P 


HIGH-PRESSURE COMPRESSORS 


FOR AIR AND GAS 


in 1876 Mr. Peter Brotherhood patented a four-stage water-cooled high-pressure air 
compressor. During the 66 years that have passed, the Brotherhood high-pressure 
compressor, in all its many forms and sizes, has built up a reputation without equal 
and now covers as wide a range of capacities and pressures as that produced by any 
firm in the world. There is also a complete range of Brotherhood Compressors for 
low and medium pressures (up to 500 Ibs. per square inch). The illustration shows 
part of the compressor house ina large chemical works, where the process calls for a 
pressure of 250Atm. The six compressors shown, 

driven by Brotherhood Steam Turbines, with six other 

similar units, absorb a total of 30,000 B.H.P. 


Owing to war conditions, we regret that our products 
are only available for export in circumstances where 
materials are obtainable. 


PETERBOROUGH 





e Engineer 


28, ESSEX ST., LONDON, W.C.2 DECEMBER 31, 1949 


~ ag 


The 
INTERNATIONAL 


TracTracTor 
is the mobile power behind 


a dozen combinations, 
such as :-— 


RUSTON-BUCYRUS 
Bulldozers, Bullgraders 
and Scrapers : 


ADAMS 


Elevating Graders; 


CARCO 


Timber Winches: 
OLIVER-EUCLID 
Crawler-Tipping Wagons : 
also 
Rippers, Tamping Rollers 
Logging Arct irubbers, 


Pipe Layée Snow 
Ploughs, etc. 


The superlative war-time performance So will it be in peace. 


ial Trac- 
of INTERNATIONAL Industrial Te | The INTERNATIONAL TracTracTpr, 
TracTors—their speed, their output, : } i 
: ‘ ; ; fitted with the appropriate equip- 
their economy in operation, their free- ; hig Oe 
dom from breakdown, and their extra- aes i ik ng a host of 
ordinary versatility—has astonished jobs; and on each will prove an 
even those who expected remarkable extremely lucrative investment by 
results. saving time, money and manpower. 


We shall be happy to explain the application of this plant 
to your particular business. We are at your service 


Airedale Plant and Railway Works sy 2 Ste 


” : f ‘ WITH 25- Fe Boost) & 
LEEDS 10 4 : ih ey i 
40-45, BURTON STREET OXFORD TRACTOR" 


ST. PANCRAS WORKS 
LONDON, W.C.1 COWLEY, OXFORD 


reat Britain by GEorGE Reveirs, LIMITED, at 10-12, Rosebery Avenue, London, E.C.1, and published by ARTHUR RONALD VAUGHAN, at THE ENGINEER Office, 28, Essex Street, London, W.C.2 








